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1.  SCOPE 


IJL  PURPOSE.  This  standard  is  issued  for 
the  purpose  of  establishing  uniform  defini¬ 
tions,  nomenclature,  classification  of  defects, 
methods  of  testing,  and  measurements  per¬ 
taining  to  the  field  of  photographic  lenses. 
An  appendix,  containing  nonmandatory  ref¬ 
erence  material,  is  provided  for  use  in  the 
preparation  of  specifications  and  other  pro¬ 
curement  documents. 

1.2  CLASSIFICATION.  This  standard 
covers  photographic  lenses  typed  according 
to  their  use.  The  keywords  are  italicized  for 
convenient  reference. 

I  Aerial  Reconnaissanee.  A  type  I 
lens  shall  be  suitable  for  use  in 
aerial  reconnaissance.  It  will  be 
used  at  or  near  infinity  focus  and 
usually  will  have  low  distortion  and 
a  flat  Add. 

II  Aerial  Mapping.  A  type  II  lens 
shall  be  suitable  for  use  in  accurate 
aerial  mapping.  It  will  be  used  at 
or  near  infinity  focus  and  usually 
will  have  a  flat  field.  The  distortion 
characteristics  in  this  type  of  lens 
are  usually  designated  and  con¬ 
trolled  within  precise  limits. 

ni  General  Photograpkie.  A  type  HI 
lens  shall  be  suitable  for  use  in 
view  camera  and  hand-held  still 
cameras.  It  will  be  used  to  photo¬ 
graph  both  near  and  distant  ob¬ 
jects. 

IV  Process.  A  type  IV  lens  shall  be 
suitable  for  use  in  photolithogra¬ 
phy,  process  work,  and  precise  re¬ 
production  from  flat  copy.  It  will 
be  used  at  or  near  unity  magnifica¬ 
tion.  In  this  type  of  lens,  lateral 
and  longitudinal  chromatic  aber¬ 
ration.  secondary  spectrum,  and 
distortion  are  corrected  to  a  high 
degree. 


V  Motion  Picture  Camera.  A  type  V 
lens  shall  be  suitable  for  use  in 
motion  picture  cameras.  It  will  be 
used  to  photograph  both  near  and 
distant  objects.  A  type  V  lens  dif¬ 
fers  from  a  type  III  lens  in  that  it 
usually  is  of  shorter  focal  length 
and  smaller  field  of  view. 

VI  Enlarger.  A  t3pe  VI  lens  shall  be 
suitable  for  use  in  photographic  en¬ 
largers.  It  will  be  used  at  finite 
magnifications,  will  usually  have 
low  color  abeirations,  and  in  cer¬ 
tain  applications  distortion  charac¬ 
teristics  will  be  designated  and  con¬ 
trolled  within  precise  limits. 

VII  Projection.  A  type  VII  lens  shall  be 
suitable  for  use  as  an  objective  lens 
in  motion  picture,  film  strip, 
opaque,  slide,  and  overhead  pro¬ 
jectors.  It  will  be  used  at  finite 
magnification  and  will  have  a  fiat 
field.  This  tyrpe  of  lens  usually  dif¬ 
fers  from  a  t3T)e  VI  lens  in  that  it 
is  faster,  covers  a  smaller  field  of 
view,  and  has  less  correction  of 
aberrations. 

VIII  Photomicrographic.  A  tjpe  VIII 
lens  shall  be  suitable  for  use  in 
photomicrography.  It  will  be  used 
with  the  object  at  tiie  shorter  con¬ 
jugate. 

IX  Portrait.  A  type  IX  lens  shall  be 
suitable  for  use  in  portrait  photo¬ 
graphy.  It  will  be  used  to  photo¬ 
graph  both  near  and  distant  ob¬ 
jects.  It  usually  differs  from  a  t3T>e 
ITT  lens  in  having  less  coiTcction  of 
aberrations. 

X  Vieu'finder,  a  t3pe  X  lens  shah  be 
suitable  for  use  in  viewfinders. 

XI  Condenser.  A  type  XI  lens  shall  be 
suitable  for  use  in  condensers.  It 
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wiD  be  used  for  the  collection  and 
distribution  of  radiation  in  projec¬ 
tion  and  enlarjringr  systems  . 

XII  Copying.  A  type  XII  lens  shall  be 
suitable  for  use  in  reproduction 
from  flat  copy.  It  will  be  used  at  or 
near  unity  magnification.  It  usually 
differs  from  a  type  IV  lens  in  that 
it  greater  lens  speed  and  less 
correction  of  aberrations. 

XIII  Microphotographic.  A  type  XIII 


lens  shall  be  suitable  for  use  in 
microfilming  and  microcopying.  It 
usually  will  be  used  at  magnifica¬ 
tions  between  0.1  and  0.024. 

XIV  Recording.  A  type  XFV  lens  shall 
be  suitable  for  use  in  recording  in¬ 
struments  or  fluorescent  screen 
presentation.  It  will  be  used  at  a 
finite  magnification  and  generally 
will  be  of  a  special  design  to  meet 
the  specific  requirements. 


2.  REFERENCED  DOCUMENTS 

2.1  NOT  APPLICABLE. 


3.  DEFINITIONS 


3.1  AXES,  POINTS,  AND  DISTANCES. 

3.1.1  Optical  axis.  The  optical  axis  of  a 
perfect  lens  or  leas  combination  is  that  con¬ 
tinuous  str^ht  line  in  space  which  passes 
through  all  of  the  centers  of  curvature  of 
the  various  spherical  optical  surfaces,  coin¬ 
cides  with,  the  axes  of  rotational  symmetry 
of  nonspherical  surfaces  and  is  perpendicular 
to  flat  surfaces. 

3.1.2  Axis  of  best  definition.  The  axis  of 
best  definition  of  a  lens  is  that  line  in  which 
is  perpendicular  to  the  plane  of  best  defini¬ 
tion  and  passes  through  the  principal  focus. 

3.1.2.1  Plane  of  best  definition.  The  plane 
of  best  definition  is  that  plane  in  the  image 
space  which  contains  those  images  repre¬ 
senting  a  compromise  of  quality  selected  m 
best  for  the  purpose  for  which  the  lens  is 
intended. 

m  1  plane  of  best  average  definition 
over  the  picture  area.  The  position  of  focus 
giving  the  highest  area  weighted  average 
resolution  (AWAPl  will  be  first  considered 
as  the  position  of  best  average  definition 


over  the  picture  area,  or  BADOPA.  In  case 
the  resolving  power  for  the  axial  image 
point  is  less  than  the  AWAPv,  the  .position  of 
focus  at  which  the  axial  resolving  power 
equals  the  AWAR  will  be  considered  the 
position  of  BADOPA. 

3.1.2.1.2  Field  tilt.  A  lens  field  tilt  when  its 
best  image  plane  is  tilted  with  respect  to  the 
mounting  shoulder  for  the  lens.  This  effect 
is  usually  caused  by  slight  amounts  of  de¬ 
centering  or  tilt  in  or  within  a  member  of 
an  optical  system.  Field  tilt  results  in  a  lack 
of  symmetry  of  resolution  in  the  field  of  the 
lens  about  the  axis.  Usually  the  points  of 
greatest  asymmetry  lie  along  a  diagonal  of 
the  picture  format.  The  limits  for  field  tilt 
may  be  specified  in  terms  of  maximum  focus 
difference  between  the  two  positions  of  best 
focus  at  a  specified  angle  during  the  diagonal 
exhibiting  the  greatest  asymmetry. 

3.1 .2.2  Best  principal  focus.  The  best  prin¬ 
cipal  focus  of  a  lens  is  the  point  of  intersec¬ 
tion  of  the  lens  axis  with  the  plane  of  best 
definition  from  an  incident  beam  of  parallel 
light  I)erpendicular  to  this  plane. 
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When  a  lens  is  supplied  in  cells, 
without  barrel  or  shutter,  the  locating  sur¬ 
face  of  the  lens  mount  is  defined  as  the  seat¬ 
ing  surface  of  the  rear  cell. 

3.1.3  Mechanical  oiis.  The  mechanical  axis 
of  a  lens  is  that  continuous  straight  line  in 
space  perpendicular  to  the  plane  of  the  flange 
or  locating  surface  of  the  lens  mount  and 
ppsamg  through  the  center  of  s5Tnnietry  of 
the  flange  or  locating  surface. 

3.1.3  J  Flange  Hit.  The  flange  tilt  of  a  lens 
is  the  angle  between  the  optical  axb  and  the 
mechanical  axis. 

31^  2  Plane  of  the  receiver.  The  plane  of 
the  receiver  is  that  plane  in  the  image  space 
in  which  the  receiver  or  the  film  in  a  camera 
is  located. 

31.3  21  Focal  tut.  The  focal  tilt  is  tte 
angle  between  the  plane  of  best  definition 
and  the  plane  of  the  receiver  due  to  the  me¬ 
chanical  structure  between  the  lens  fianp 
and  the  receiver.  It  is  not  a  true  characteris¬ 
tic  of  the  lens  alone. 

3.1.4  Equivalent  focal  length.^  The  equiva¬ 
lent  focal  length,  or  EFL.  often  referred  to 
more  simply  as  the  focal  length,  determines 
the  scale  of  the  image  produced  by  the  lens. 
When  a  given  object  is  at  an  infinite  distance, 
images  produced  by  distortionless  lenses  of 
the  same  equivalent  focal  length  will  be  equal 
in  size,  and  images  produced  by  lenses  of  dif¬ 
ferent  equivalent  focal  lengths  will  vary  in 
size  directly  as  the  respective  equivalent 
focal  lengths.  The  equivalent  focal  length  is 
defined  by  the  equation : 

T 

EFL  =  - - 

tan  $ 

rr  0  (1) 

-s  VWHod  of  TValmatlnr 

f«r*l  Lrnrth^  •n<3  Toca\  DhUoco*  of  rSolofrmpble 

4  7) 


where  T  is  the  transverse  distance  from  the 
principal  focus  to  the  center  of  the  imaj^  in 
the  image-space  focal  plane  of  an  infinitely 
distant  object  point  whidi  lies  in  a  direction 
making  an  angle  with  the  optical  axia  The 
equivalent  focal  length  shall  be  measured  in 
accordance  with  5. 1.2.2. 

3.1.5  Calibrated  focal  length.*  The  cali¬ 
brated  focal  length,  or  CFL,  is  defined  as  an 
adjusted  value  of  the  equivalent  focal  length, 
of  a  lens  mounted  in  a  camera  or  cone,  so 
chosen  as  to  distribute  the  distortion  in  the 
manner  best  suited  to  conditions  under  whi  A 
the  photograph  is  to  be  employed.  The  calw 
brated  focal  length  shall  be  determined  in 
accordance  with  5.I.2.3.  The  calibration  con¬ 
ditions  shall  be  covered  by  the  detailed  spe¬ 
cification. 

3.1.6  Each  focal  distance.  The  back  focal 
distance,  or  BF,  is  defined  as  the  distance 
measured  from  the  vertex  of  the  back^  sur¬ 
face  of  the  lens  to  the  plane  of  best  definition 
The  bark  focal  distance  shall  be  measured  in 
accordance  with  5.I.2.4. 

3.1.7  Flange  focal  distance.  The  flange  focal 
distance,  or  FD,  is  defined  as  the  minimum 
distance  from  the  center  of  symmetry  of  the 
lens  flange  in  the  plane  of  the  flange  to  the 
plane  of  best  definition.  In  a  perfect  lens,  this 
distance  is  measured  along  the  mechanical 
axis  which  coincides  with  the  axis  of  best 
definition.  The  flange  focal  distance  shall  be 
measured  in  accordance  with  5.I.2.5. 

3.1.8  Front  focal  distance.*  The  front  focal 
distance,  or  FF,  is  defined  as  the  distance 
measured  from  the  principal  focus  located 
in  the  front  space  to  the  vertex  of  the  front 
surface.  The  front  focal  distance  shall  be 
measured  in  accordance  with  5.I.2.6. 

3.1.9  Front  vertex  back  focal  distance.*  The 
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front  vertex  back  focal  distance,  or  FVD,  is 
defined  as  the  distance  measured  from  the 
principal  focus  in  the  back  space  to  the  ver¬ 
tex  of  the  front  surface.  The  front  vertex 
back  focal  distance  shall  be  measured  in  ac¬ 
cordance  with  5.I.2.7. 

3.1.10  Telephoto  ratio.  The  telephoto  ratio 
is  defined  as  the  direct  ratio  of  the  equivalent 
focal  length  to  the  front  vertex  back  focal 
distance. 

3.1.11  Depth  of  focus  and  depth  of  field. 
For  every  plane  in  the  object  space,  a  photo¬ 
graphic  lens  produces  an  image  plane  of  best 
definition  in  the  image  space.  In  front  of  or 
behind  this  plane  of  best  definition  is  a  region 
within  which  the  images  of  the  sdected  ob¬ 
ject  plane  are  of  satisfactory  quality.  The 
distance  separating  the  focal  planes  bond¬ 
ing  this  region  is  the  depth  of  focus  for  the 
selected  object  plane.  Similarly,  there  exists 
a  region  in  space  within  which  objects  are 
imaged  with  satisfactory  quality  on  a  select¬ 
ed  image  plane.  The  distance  separating  U»e 
planes  bounding  this  region  is  the  depth  of 
field.  The  extent  of  these  regions  of  satisfac¬ 
tory  focus  may  be  defined  in  terms  of  a  10 
percent  reduction  of  area  weighted  average 
resolution  (AWAR)  below  that  obtained  at 
the  best  focal  position. 

3.2  APERTURE  AND  RELATED  QUAN¬ 
TITIES. 

3.2.1  Lens  speed.  Lens  speed  is  that  prop¬ 
erty  of  a  lens  which  affects  the  image  il¬ 
luminance.  Lens  speed  shall  be  specified  in 
terms  of  the  following  expressions :  aperture 
ratio,  relative  aperture,  or  T-stop. 

3.2.2  Aperture  ratio.*  The  aperture  ratio 
is  the  ratio  1:N  or  the  fraction  1/N  (writ¬ 
ten  in  this  manner  with  the  first  member  of 
the  ratio,  or  the  numerator  of  the  fraction, 

*  AiBencan  $Undard  Methndt  t»f  TValfritttng  and  MeaauHnf 
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equal  to  1)  where  N  is  defined  by  the  equa¬ 
tion: 

1 

N  =  - 

2n  sin  a 

In  this  formula,  n  is  the  index  of  refraction 
of  the  medium  in  which  the  image  is  formed 
(approximately  1,  if  the  image  is  formed  in 
the  air)  and  a  is  the  angle  subtended  at  the 
axial  point  of  the  image  by  the  semidiameter 
of  the  exit  pupil  of  the  lens  at  a  given  dia¬ 
phragm  setting.  If  the  exit  pupil  is  not  cir¬ 
cular,  the  equivalent  circle  having  the  same 
area  as  the  actual  exit  pupil  diould  be  used. 
Thus,  for  an  objective  in  air,  the  aperture 
ratio  is  equal  to  2  sin  a.  If  the  aperture  ratio 
is  given  without  qualification,  its  value  is 
that  corresponding  to  the  largest  indicated 
diaphragm  opening  and  an  infinitely  distant 
object.  If  the  object  is  at  a  finite  distance,  the 
value  of  the  aperture  ratio  should  be  qualified 
by  a  statement  of  the  corresponding  magnifi¬ 
cation.  The  aperture  ratio  is  applicable  for 
the  determination  of  exposure  time  when 
the  object  is  at  an  infinite  or  a  finite  dis¬ 
tance.  For  any  magnification,  the  exposure 
time  is  inversely  proportional  to  the  square 
of  N.  Thus,  the  aperture  ratio  is  a  measure 
of  the  image  illuminance.  (For  test  procedure 
see  5.1.2.8) . 

3.2.3  Effective  aperture.*  The  effective 
aperture  of  a  photographic  objective  for 
distant  objects,  for  a  given  setting  of  the 
diaphragm,  is  an  opening  equivalent  to  a 
right  section  of  the  largest  beam  of  parallel 
light  from  an  axial  object  point  that  is  trans¬ 
mitted  by  the  lens.  It  is  usually  circular,  or 
approximately  so,  and  is  specified  by  its  dia¬ 
meter.  If  the  section  is  not  circular,  the  effec¬ 
tive  diameter  shall  be  the  diameter  of  a  circle 
having  the  same  equivalent  area.  (For  test 
procedure,  see  5.I.2.9.) 

3.2.4  Clear  aperture.*  The  clear  aperture 
of  each  surface  in  a  lens  system  i.s  the  maxi- 
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mum  clear  opening  of  the  surface  which  is 
actoally  used  in  loxming  an  image  in  any 
part  of  the  field.  'Die  mount  aperture  at  each 
surface  shall  be  at  least  as  large  as  the  dear 
aperture  in  order  that  vignetting  will  not 
exceed  the  computed  value.  The  clear  aper¬ 
ture  is  usually  circular  and  specified  by  its 
diameter.  It  is  sometimes  referred  to  as  the 
free  aperture. 

3^5  Relative  aperture^  The  relative  aper¬ 
ture  shall  be  defined  as  the  ratio  of  the  EFL 
to  the  diameter  of  the  effective  aperture.  The 
symbol  for  relative  aperture  shall  be  f/ 
followed  by  a  numerical  value.  It  is  written 
as  a  fraction,  for  example,  f/2  signifies  that 
the  diameter  of  the  effective  aperture  is  one- 
half  the  focal  length.  For  an  object  at  an 
infinite  distance,  the  denominator  of  the  rela¬ 
tive  aperture  and  the  second  member,  N,  of 
the  aperture  ratio  are  identical,  provided  the 
image  ia  formed  in  air  and  the  imagery  obeys 
the  sine  condition. 

8X5.1  /-nttwocr.*  The  f-number  shall  be 
defined  as  the  denominator  in  the  expression 
for  the  relative  aperture.  Thus,  if  the  rela¬ 
tive  aperture  is  f/2,  the  f-number  is  2. 

8X6  T-$tap  and  T-numherJ  The  T-«top  is 
referred  to  as  the  aperture  of  a  lens  cali¬ 
brated  photometrically  and  assigned  a  T- 
number,  whirii  is  the  f-number  of  a  circular 
opening  in  a  fictitious  lens  having  100  per¬ 
cent  transmittance,  and  which  gives  the  same 
central  image  illuminance  as  the  actual  lens 
at  the  specified  stop  opening.  Hence,  for  a 
lens  with  a  circular  aperture,  the 

f-number 

T>number  »  '  . — —  (3) 

Vt 

where  t  is  the  transraititance.  For  a  lens  with 
an  effective  aperture  of  any  shape  and  area 
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A,  the  corresponding  formula  is: 

f  I — w— 

T-number  =  -  «\/  -  (4) 

2  \  At 

The  transmittance  of  the  lens  shall  be  defined 
as  the  ratio  of  the  transmitted  light  flux  to 
the  incident  light  flux.  The  symbol  for  the 
T-stop  shall  be  T  followed  by  a  space  and  a 
numerical  value  —  for  example,  T  2.  The 
numeral  2  represents  the  T-number.  (For 
test  procedure,  see  5.1.2.10.) 

3X6 J.  Area  weighted  average  T-number. 
The  T-number  as  defined  in  8.2.6  is  a  com¬ 
parative  measure  of  illuminance  on  the  axis 
of  a  lens.  Since  the  illuminance  usually  varies 
over  the  field,  a  need  may  exist  for  determin¬ 
ing  T-n  umbers  for  off-axial  image  points  and 
computing  an  average  T-number.  In  accord¬ 
ance  with  the  basic  photometric  relation¬ 
ships  involved,  the  general  definition  of  T 
nrmber  is  given  as 


Since,  in  accordance  with  this  definition, 


In  these  expressions,  Tt  is  the  T-number  for 
an  image  point  in  a  zone  i,  T«  is  the  axial 
T-number,  B  is  the  object  luminance,  E»  is 
the  illuminance  on  the  axis,  and  Ei  is  the 
average  illuminance  for  the  zone.  Compatible 
units  should  be  used  for  quantities  B,  Eo, 
and  E,.  When  the  illuminance  is  averaged 
over  the  field,  weighting  the  average  by  the 
area  of  the  circular  zone  in  w'hich  the  illumi¬ 
nance  is  determined,  and  this  average  is  sub¬ 
stituted  for  El  in  equation  (6).  the  resulting 
T-number  is  called  the  area  weighted  aver¬ 
age  T-number,  or  AW  AT.  For  circular  zones 
which  extend  beyond  the  boundaries  of  the 


MIUSTD-150A 
12  May  19S2 


picture  format,  only  the  area  lyinff  within  the 
format  ahall  be  used  in  deterzninincr  the 
weighting  ratios.  Hie  equations  for  eomput> 
ing  AWAT  are: 


AWAT 


="'/V> 


atit 


or  AWAT  «  10  X 


X  A  E. 


A| 


^  A 


(7) 


(8) 


in  whidi  A  is  the  total  area  of  the  picture 
format,  A|  b  the  area  of  a  jiarticular  zone, 
and  ot  b  the  average  relative  iUuminance  for 
that  zone  expressed  in  percent. 


3.2.7  Front  operating  aperture.  The  front 
operating  aperture  b  defined  as  the  limiting 
aperture  at  the  front  of  the  lens.  It  will  usual¬ 
ly  be  given  as  the  maximum  Hiamfttpr  of  the 
entrance  cone  at  the  front  vertex  for  the  spe¬ 
cified  field  of  view  at  infinity  focus. 

ZJ2L&  Rear  operating  aperture.  The  rear 
operating  aperture  b  defined  as  the  limiting 
aperture  at  the  rear  of  the  lens.  It  will  usual¬ 
ly  be  given  as  the  maximum  diameter  of  the 
emergent  cone  at  the  rear  vertex  for  the  spe¬ 
cified  field  of  view  at  infinity  focus. 

3.3  CONSTRUCTIONAL  FEATURES. 
Pertinent  features  include  detaib  of  the  con¬ 
struction  of  the  lens.  These  may  relate  to  the 
physical  configuration,  or  arrangement  of 
the  individual  elements,  to  some  specified 
optical  characteristic  or  to  tiie  nomenclature 
of  ihe  various  parts.  Constructional  features 
of  photographic  lenses  are  listed  with  defini¬ 
tions  and  explanatory  data. 

3.3.1  Optical  system.*  The  optical  system 
includes  all  the  parts  of  s  photographic  lens 
and  accessory  optical  parts  which  are  de¬ 
signed  to  contribute  to  the  formation  of  an 
image  on  the  photographic  emulskm  or  on  a 
screen  for  viewing. 


3A2  Member.*  A  member  of  a  photo¬ 
graphic  lens  b  a  group  of  parts  considered 
as  an  entity  because  of  the  proximity  of  its 
parts  or  because  it  has  a  distinct  but  not  al¬ 
ways  entirely  separate  function. 

3.3A  Component.*  A  component  of  a  photo¬ 
graphic  lens  b  a  subdivbion  of  a  member.  It 
may  consist  of  two  or  more  parts  cemented 
together  or  with  near  and  approximately 
TnafffhiT^g  surfaces. 

3.3A  Element.*  An  element  of  a  photo¬ 
graphic  lens  b  a  single  uncompounded  lens, 
Le.,  a  part  constructed  of  a  single  piece.  The 
total  number  of  elements  is  a  significant  con¬ 
structional  feature  of  a  lens. 

3A.5  Front  of  photographic  lens.*  The 
front  of  a  photographic  lens,  in  general,  is 
the  end  carrying  the  engraving,  and  usually 
facing  the  longer  conjugate.  In  lens  draw¬ 
ings,  the  front  generally  faces  left  or  up.  A 
notable  exception  is  certain  lenses  intended 
to  be  used  in  photomicrography  in  which  the 
front  of  the  lens  faces  the  shorter  conjugate. 

3.3.6  Baxk  of  photographic  lens.*  The  back 
of  a  photographic  lens,  in  general,  is  the  end 
carrying  the  mounting  thread  or  other  at¬ 
taching  means  and  usually  facing  the  shorter 
conjugate. 

3A7  Name  of  design.  Designs  of  lenses  in 
which  particular  configurations  of  elements 
are  employed  are  often  given  names.  These 
names  are  usually  trade  names,  and  the  name 
ordinarily  applied  to  any  particular  configu¬ 
ration  is  usually  the  trade  name  of  the  oldest 
design  of  a  particular  type  such  as  "Tes- 
sar."  In  some  cases,  however,  the  design 
name  may  not  be  a  trade  name  but  may  be 
based  on  some  feature  of  the  lens  configura¬ 
tion  such  as  **Symmetrlcal.** 

3.3.8  Telephoto.  A  telephoto  lens  is  defined 


*  AJ—riwiii  ateMdsntf  NniMrIahiw  for  ForU  of  o  Photo. 
amtpkic  Lom  PBl.tS  —  lU^ 


•  Amoiican  NomoocUturt  for  PorU  of  •  PhoU- 

g:ra.phic  Lana  PH3  23 .  I  MB 
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as  a  lens  for  which  the  telephoto  ratio  is 
greater  than  one.  (See  8.1.10.) 

3^9  Glass  types,  A  constructional  feature 
is  the  type  of  optical  glass  of  which  each 
element  is  made. 

3.4  MECHANICAL  AND  STRUCTURAL 

features. 

3.4.1  Cell.  A  cell  is  a  mechanical  structure 
h'^lding  an  element,  component,  or  menber. 

3.4.2  Barrel  A  barrel  is  a  mechanical  struc¬ 
ture  in  which  the  lens  is  mounted. 

3.4.3  Cone.  A  cone  is  defined  as  the  me¬ 
chanical  structure  to  which  a  lens  barrel  or 
shutter,  with  lens,  is  attached  in  order  to 
bring  the  image  in  focus  in  the  film  plane  of 
a  specific  aerial  camera. 

3.4.4  Lens  diaphragm.  A  lens  diaphragm 
is  a  mechanical  device  for  reducing  the  ef¬ 
fective  aperture  of  a  lens.  It  may  take  the 
form  of  an  iris  or  a  Waterhouse  stop.  An  iris 
diaphragm  consist  of  leaves  providing  an 
opening  continuously  variable  in  size.  A  Wa¬ 
terhouse  stop  is  a  removable  aperture  of  fix¬ 
ed  size  which  fits  in  the  lens  barrel.  Water- 
house  stops  are  usually  provided  in  a  graded 
series  of  apertures. 


3.4.7  Spanner  wrench  openings.  When  re¬ 
quired  in  order  to  facilitate  removal  of  cells, 
elements,  components,  or  members  from  a 
cell  or  barrel,  there  shall  be  two  openings 
180  degrees  apart  for  application  of  a  span¬ 
ner  wrench.  Each  opening  shall  either  be 
circular  in  shape,  or  a  slot  with  parallel 
sides. 

3.5  FIELD  OF  VIEW.  The  field  of  view  of 
a  lens  is  a  measure  of  the  size  of  the  image 
area  or  conjugate  object  area  which  is  satis^ 
factorily  reproduced.  This  field  may  be  de¬ 
fined  in  terms  of  the  maximum  size  of  the 
negative  or  projection  material  with  which 
the  lens  is  to  be  used.»*  The  angular  measure 
for  field  of  view  is  the  half  angle,  which,  un¬ 
less  otherwise  specified,  is  the  angle  subtend¬ 
ed  at  the  first  nodal  point  by  the  optical  axis 
and  a  straight  line  to  an  object  point  which 
is  imaged  at  the  extreme  corner jof  the  nega¬ 
tive.  For  a  projected  image,  the  half  angle 
is  the  angle  subtended  at  the  second  nodal 
point  by  the  optical  axis  and  a  line  to  the 
image  point  conjugate  with  the  extreme  cor¬ 
ner  of  tiie  projection  material.  The  half 
angle  is  sometimes  referred  to  the  side  of 
the  image  area  and  in  such  cases  it  shall 
always  be  so  specified.  The  field  of  view  may 
also  be  desigmated  as  the  total  field  angle 
which  is  twice  the  half  angle.  Coverage  is  a 
less  precise  term  for  field  of  view. 


3.4.5  Iris  diaphragm  control*  Unless  other¬ 
wise  specified,  when  looking  at  the  front  of 
a  lens  or  remote  control  knob,  a  counter¬ 
clockwise  rotation  of  the  diaphragm  control 
shall  reduce  the  aperture  or  stop  the  lens 
down. 

3.4.6  Par  focalized.  Lenses  mounted  in  bar¬ 
rels  may  be  specified  as  parfocalized,  i.e.,  the 
flange  focal  distance  may  be  specified  to  close 
tolerances  that  would  secure  an  image  in 
satisfactory  focus  when  the  lenses  are  inter¬ 
changed  on  a  camera. 

•  Brills -C«n»<!Un  Air  Stand* AfTfWtwnt, 

Air  Oamtra  Uana  IHafilitttfnii  Batin* 

ABC  ATR  STD  Z  Ftb 


3.6  OPTICAL  CHARACTERISTia^  Opti¬ 
cal  characteristics  include  all  properties  of  a 
lens  affecting  its  optical  performances  such 
as  image  quality,  distortion,  transmittance, 
image  colors  and  condenser  charactertistics. 
When  specifying  optical  charactertistics  or 
individual  aberrations,  the  definitions  and 
nomenclature  set  forth  herein  shall  be  used. 


3.6a  Image  quality.  Image  quality  embrac- 
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es  all  the  properties  of  a  lens  affectins:  the 
quality  of  tte  image  such  as  resolving  power, 
aberrations,  image  defects,  and  veiling  glare. 
Aberrations  are  optical  defects  inherent  in 
the  lens  design.  Because  of  manufacturing 
variations,  it  often  happens  that  the  meas¬ 
ured  aberrations  differ  from  the  computed 
aberrations.  Image  defects  are  optical  de¬ 
fects  not  inherent  in  the  lens  design  and  re¬ 
sulting  entirely  from  manufacturing  and 
variations.  This  standard  is  pri¬ 
marily  concerned  with  optical  performance. 
Optical  performance  can  be  measured  in 
terms  of  resolving  power,  or  specific  optical 
characteristics. 

3.6.2  Re$olvmff  power.  The  resolving  power 
of  a  lens  is  a  measure  of  its  ability  to  image 
closely  spaced  objects  so  that  they  are  recog¬ 
nizable  as  individual  objects.  The  resolving 
power  «haP  be  expressed  in  lines  per  milli¬ 
meter,  usually  in  the  short  conjugate  plane. 
Resolving  power  is  measured  by  photograph¬ 
ing  or  observing  suitable  test  diarts  at  spe- 
dfied  angular  distances  from  the  center  of 
the  field.  The  test  charts  shall  consist  of 
groups  of  parallel  straight  lines  and  spaces 
<rf  equal  width;  the  resolving  power  is  tiie 
reciprocal  of  tiie  center-to-oenter  distance 
of  the  lines  that  are  just  distinguishable  in 
the  recorded  image.  By  “just  distinguish- 
abh*'  is  TTfint  that  the  observer  is  able  too 
count  the  correct  number  of  lines  in  the  re¬ 
corded  image,  over  the  entire  length  of  the 
IItiam  and  in  the  correct  orientation,  subject 
to  the  provision  that  no  coarser  pattern  shall 
be  unresolved.  The  appearance  of  resolution 
In  a  finer  pattern  after  failure  to  resolve  a 
coarser  pattern  is  an  indication  of  the  pres¬ 
ence  of  spurious  refmlntkm.  Spurious  resolu¬ 
tion  is  a  phenomenon  wherein  fine  lines  are 
resolved,  yet  coarse  lines  are  not  Tot  non- 
arial  points,  it  is  necessary  to  consider  the 
orientation  of  the  ttnsa.  For  example,  the 
reeolving  power  for  radial  lines,  or  “radial 
resolving  power“  (sometimes  called  “sagittal 
reaolving  power**),  at  a  given  point  in  the 


image  plane  is  the  resolving  power  for  close¬ 
ly  spaced  lines  that  are  parallel  and  adjacent 
to  the  radius  drawn  from  the  center  of  the 
field  to  the  given  point  Resolving  power  for 
tangential  lines,  or  ‘tangential  resolving 
power,”  is  the  resolving  power  for  closely 
spaced  parallel  lines  that  arc  tangent  and  ad¬ 
jacent  to  a  circle  drawn  through  the  given 
point  whose  center  lies  at  the  center  of  ihe 
field.  Resolving  power  may  be  specified  as 
minimum  acceptable  resolving  power,  re¬ 
gardless  of  whether  radial  or  tangential  at 
specified  angles  from  the  optical  axis  of  the 
lens,  or  it  may  be  specified  at  both  minimum 
acceptable  radial  and  minimum  acceptable 
tangential  resolving  power  at  specified  angu¬ 
lar  distances  from  the  optical  axis.  The  aver¬ 
age  resolving  power  weighted  in  terms  of 
the  area  of  the  negative,  the  area  weighted 
average  resolution  (AWAR),  provides  a 
single  value  by  whirii  the  resolving  power 
for  the  entire  field  may  be  specified.  (See 
3.1J2.1.1  and  S.6.2.5.) 

3.6.2.1  Thetoffraphie  reeciving  power. 
Photographic  resolving  power  is  used  in 
specifying  and  measuring  performance  of 
type  I,  n,  m,  IV,  V,  IX,  xn,  and  XHI  ler^ 
and  is  the  greatest  number  of  lines  per  milli¬ 
meter  recorded  photographically  as  separate 
lines.  A  target  pattern  is  considered  resolved 
when  it  meets  the  conditions  described  in 
3.6.2.  Photographic  resolving  power  depends 
markedly  on  the  photographic  conditions 
employed,  and  on  the  presence  of  back¬ 
ground  glare  from  the  illnminated  target 
When  specifying  photographic  resolving 
power,  It  is  necessary  also  to  specify  ihe 
color  of  lif^t  to  be  used,  the  trP«  photo¬ 
sensitive  material  and  proeeaaing,  the  lexis 
speed  at  which  the  test  is  made,  the  contrast 
of  the  target  and  the  magnification  or  focns 
at  whldi-tiie  lens  is  tested.  (See  6.L2.12.1) 

3i6Jlti2  VieuaX  rosoUtittg  power.  Vlsnal  re¬ 
solving  power  if  need  in  specifying  tnd 
measuring  of  type  X  lenses,  and  it  defined 
as  the  greatest  number  of  lines  per  mnU- 
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meter  in  the  image  of  a  test  target  pattern 
that  are  just  barely  distinguishable  as  sepa¬ 
rate  lines  under  adequate  magnification. 
When  specifying  visual  resolving  power  it  is 
necessary  also  to  specify  the  target  contrast. 
(See  5.1.2.12.2.) 

3.6.2.3  Projected  photographic  resolving 
power.  Projected  photographic  resolving 
power  is  used  in  specifying  and  measuring 
the  performance  of  type  VI  lenses  and  is 
defined  as  tjie  greatest  number  of  lines  per 
millimeter,  in  the  object  plane,  that  are  bare¬ 
ly  distinguishable  as  separate  lines  when 
observing  under  magnification  a  photo¬ 
graphically  recorded,  projected  image  of  a 
suitable  test  target.  (See  5.1.2.12.3.)  When 
specifying  projected  photographic  resolving 
power  it  is  necessary  also  to  specify  lens 
.speed,  focus,  magnification,  type  of  illumina¬ 
tion,  contrast  of  target,  type  photosensitive 
material  and  its  processing. 


3.6.2.4  Projected  visital  resolving  power. 
i  Projected  visual  resolving  power  is  used  in 
I  specifying  and  measuring  the  performance 
i  of  type  VII  lenses  and  is  defined  as  the 
I  greatest  number  of  lines  per  millimeter  in 
the  object  plane  that  are  distinguishable  as 
separate  lines  in  the  projected  image.  When 
specifying  projected  visual  resolving  power, 
it  is  usually  understood  to  imply  a  high  con¬ 
trast  target  (dark  lines  on  light  back¬ 


ground).  (See  5.1.2.12.4.) 


lution  obtained  at  any  given  test  angle  is 
multiplied  by  the  ratio  of  the  area  of  the 
zone  for  that  angle  to  the  total  area  of  the 
picture  format.  The  AWAK  is  the  sum  of 
these  products.  To  obtain  a  single  value  of 
the  resolution  for  each  test  angle,  the  geo¬ 
metric  mean  of  the  tangential  and  radial 
resolutions  shall  be  used.  However,  the  com¬ 
putations  may  be  simplified  by  the  use  of  an 
arithmetic  mean  whenever  the  tangential 
and  radial  resolutions  differ  by  less  than  a 
factor  of  2  to  1.  When  more  than  one  meas¬ 
urement  is  made  at  any  given  test  angle,  an 
arithmetic  mean  shall  be  determined  for  the 
tangential  and  another  for  the  radial  reso¬ 
lutions.  The  area  weighted  average  resolu¬ 
tion  is  defined  as : 


where  A,  is  the  area  of  a  particular  zone,  Ri 
is  the  average  radial  resolving  power  in  this 
zone  (or  radial  resolving  power  at  the  mid¬ 
point  of  the  zone) ,  Ti  is  the  average  tangen¬ 
tial  resolving  power  in  the  zone  (or  the  tan¬ 
gential  resolving  power  at  the  midpoint 
of  the  zone),  and  A  is  the  total  area  of  the 
picture  format,  and  2  is  the  summation 
sign,  summating  the  values 


over  all  zones  in  the  picture  area. 


3.6.2.5  Area  weighted  average  resolution. 
A  single  average  value  for  the  resolution 
over  the  picture  format  may  be  determined 
for  any  given  focal  plane  as  the  area  weight¬ 
ed  average  resolution,  or  A  WAR.  To  deter¬ 
mine  the  AWAR,  the  picture  format  is 
divided  into  concentric  annular  zones  wiiose 
boundaries  are  determined  from  the  angles 
which  arc  midway  between  successive  test 
angles.  For  zones  which  extend  beyond  the 
boundaries  of  the  picture  format,  only  the 
area  lying  within  the  format  ahall  be  used 
in  determining  the  weighting  ratio.  The  reso¬ 


3.6.3  Astigmatism  and  curvature  of  field. 
In  general,  a  lens  possesses  two  image  sur¬ 
faces:  one  in  which  lines  radial  to  the  optical 
axis  are  best  defined  and  the  other  in  whidi 
lines  tangent  to  circles  concentric  with  the 
axis  are  best  defined.  Noncoincidence  of 
these  two  image  surfaces  is  called  astig¬ 
matism,  and  the  separation  of  the  two  image 
surfaces,  measured  parallel  to  the  optienl 
axis,  is  called  the  astigmatic  difference.  A 
median  surface  lying  between  the  two  is  call¬ 
ed  the  surface  of  least  confusion  and  the  defi¬ 
nition  in  this  image  surface  is  least  affected 
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by  orientation  of  the  object  None  of  the  sur¬ 
faces  is  a  true  plane.  The  departure  of  the 
surface  of  least  confusion  from  a  true  plane 
is  called  curvature  of  field.  Resolving  power 
figures,  specified  in  accordance  with  3.6.2, 
win  usually  be  considered  as  referring  to  a 
flat  image  and  object  plane.  When  curvature 
of  field  is  specified,  tiie  magnification  at 
which  it  is  to  be  measured  shall  be  stated. 
(See  5.1.2.13.)  Figure  1  is  plotted  as  an  ex¬ 
ample  of  the  astigmatic  difference. 


AH6VLAIt  DrSTANCC  FROM  AXIS 
FicDB  I.  Attifrmatie  Dif&nneA 


3.6.4  Color  eorrection.  Color  correction  is 
defined  as  the  reduction  of  longitudinal  and 
lateral  chromatic  aberrations.  It  may  be 
specified  in  terms  of  the  kind  of  light  and 
color  sensitivity  of  fhe  photographic  mate¬ 
rial  to  be  used  with  the  lens,  e4r>»  the  lens  is 
color  corrected  for  use  with  white  light  and 
pandiromatic  film  of  ASA  gpeed  100.  The 
color  correction  may  be  specified  in  terms  of 
the  Fraunhofer  lines  in  the  solar  spectrum 
that  are  to  be  used  in  the  lens  calculations, 
e.g.,  C  and  F  correction.  The  magnification 
at  which  the  color  correction  is  accomplished 
Shan  be  designated.  (See  6.1.2.14.) 

3.6.4.1  Lonffitudinal  ehromaUe  aberraiion. 
Longitudinal  chromatic  aberration  is  defined 
as  a  variation  in  back  focal  distance  for  liidit 
of  different  colors  or  wave  lengths.  It  is 
spedfled  in  terms  of  this  focal  change  for 
ntht  of  specified  colors.  (See  6.1.2.14.1.) 
Figwe  2  U  plotted  as  aa  eismple  of  longi- 
todinal  ehromatie  aberration. 

3.6.4L2  Lateral  chromatic  aberration.  Lete- 


IL 


FOCAL  CHANGE  (fin) 

Ficuki:  2.  Lonffitudinal  Chromatic  Aberration 


ral  chromatic  aberration  is  a  yariation  in 
image  scale  of  a  lens  for  light  ^  of  different 
colors  or  wave  lengths.  When  required, 
limits  on  lateral  chromatic  aberration  will 
be  specified  as  the  radial  displacement  in 
millimeters  of  the  image  in  the  first  color 
from  the  image  of  the  same  point  in  the 
second  color.  (See  6.1.2.14.2.)  Figure  8  is 
plotted  as  an  example  of  lateral  chromatic 
aberration. 


WAVE  LEHSTH  OF  LIGHT  (Mill 
Ficuiz  3.  Lateral  Chromatic  'Aberration 

3.6.5  Mofrni/ication. 

3.6.5.1  Paraxial  magnification.  The  paraxi¬ 
al  magnification,  often  referred  to  more 
simply  as  magnification,  determines  the  scale 
of  the  image  when  tiie  object  is  at  a  finite 
distance  from  the  lens.  The  paraxial  magni¬ 
fication,  or  PH,  is  defined  by  the  following 
equation ; 

Pit  ^  limit  — —  (10) 

where  y'  is  the  radial  distanoe  from  the  optH 
cal  axis  to  the  image  point  in  the  image  plane 
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conjugate  with  the  object  plane,  and  y  is  the 
radial  distance  in  the  object  plane  from  the 
optical  axis  to  the  object  point.  Unless  other¬ 
wise  specified,  the  image  plane  is  defined  as 
the  plane  of  best  photographic  imagery  for 
the  axial  object  point;  the  image  plane  may 
also  be  specified  as  the  plane  of  best  defini¬ 
tion.  Paraxial  magnification  shall  be  meas¬ 
ured  in  accordance  with  5.1.2.15.1. 

3.6.5.2  Calibrated  magnification.  The  cali¬ 
brated  magnification,  or  CM,  is  defined  as  an 
adjusted  value  of  the  paraxial  magnification 
of  a  lens  mounted  in  an  instrument.  This 
value  is  so  cho^n  as  to  distribute  the  dis¬ 
tortion  in  the  manner  best  suited  to  the  con¬ 
ditions  under  which  the  lens  is  to  be  em¬ 
ployed.  The  calibrated  magnification  shall  be 
determined  in  accordance  with  5.1.2.15.2. 
The  calibration  conditions  shall  be  covered 
by  the  detailed  specification. 

3.6.6  Distortion.  These  are  two  kinds  of 
distortion — radial  and  tangential.  When  dis¬ 
tortion  is  referred  to  without  designation, 
radial  distortion  is  implied.  In  some  in¬ 
stances.  it  may  be  desirable  to  specify  the 
distortion  in  terms  of  cartesian  coordinates 
rather  than  polar  coordinates.  Because  of  the 
wider  usage  of  the  polar  method  of  specify¬ 
ing  distortion,  radial  and  tangential  distor¬ 
tion  only  are  defined  in  this  standard.  This 
does  not  preclude  the  snecification  of  dis¬ 
tortion  in  cartesian  coordinates.  Small  ran¬ 
dom  distortions  through  the  field  mav  be 
introduced  by  inhomogeneities  in  the  glass 
and  irregularitie.s  in  the  surface  of  the  ele¬ 
ments.  Figure  4  is  plotted  as  an  example  of 
distortion. 

3.6. 6.1  Radial  dhtortrav  Radial  distortion 
is  a  radial  displacement  of  image  points 
from  the  undistorted  position,  compiited  on 
the  basis  of  the  equivalent  focal  length  or 
calibrated  focal  length  when  the  object  is  at 
inifinity.  or  on  the  basis  of  paraxial  magni¬ 
fication  or  calibrated  magnification  when  the 


object  is  at  a  finite  distance  from  the  lens. 
When  radial  distortion  is  present,  straight 
lines  in  the  object  space  not  passing  through 
the  optical  axis  are  reproduced  as  curved 
lines  in  the  image.  When  the  image  point  is 
displaced  radially  outward  from  the  center 
of  the  image,  the  distortion  is  positive  (com¬ 
monly  called  barrel  distortion  if  the  absolute 
value  of  the  negative  distortion  is  continu¬ 
ously  increasing  from  the  center.)  When  the 
displacement  of  the  image  point  is  toward 
the  center  of  the  image,  the  distortion  is 
negative  (commonly  called  barrel  distortion 
if  the  absolute  value  of  the  negative  distor¬ 
tion  is  continuously  increasing  from  the 
center).  The  magnitude  of  the  distortion  and 
its  tolerances  shall  be  specified  in  milli¬ 
meters.  It  may  be  specified  in  terms  of  the 
amount  at  different  field  angles,  or  by  means 
of  a  curve,  plotted  in  millimeters  against  the 
field  angle.  When  limits  to  the  tolerated  dis¬ 
tortion  are  specified,  they  shall  be  specified 
in  millimeters  and  shall  apply  to  any  part  of 
the  field  for  which  the  lens  is  corrected. 
When  specifying  distortion,  the  conditions 
under  which  the  lens  is  used,  whether  with 
parallel  light,  copying  at  1  to  1  or  1  to  2,  etc., 
shall  be  specified.  (See  5.1.2.16.) 

3.6.6.2  Tanpantial  distortion.  Tangential 
distortion  is  an  image  defect  resulting  in  the 
displacement  of  image  points  (from  the  un¬ 
distorted  position)  perpendicular  to  a  radius 


11 


MIL-5TD-150A 

12  May  1959 


r 


from  the  center  of  the  field.  The  radius  from 
which  tang^ential  distortion  is  measured 
oriErinates  at  the  principal  point  of  autocolli- 
mation  and  contains  tiie  undistorted  image 
point  (the  point  at  which  the  image  would 
have  fallen  if  it  had  hot  been  distorted). 
When  tangential  distortion  is  present, 
straight  lines  in  the  object  space  which  pass 
through  the  axis  of  best  definition  are  repro¬ 
duced  as  curved  lines  in  the  image.  Tangen¬ 
tial  distortion  is  usually  specified  as  a  maxi¬ 
mum  permissible  value  throughout  the  field. 
(See  5.1.2.16.7.) 

3.6.6.3  Errors  of  centration.  Lenses  with 
spherical  surfaces  are  usually  designed  to  be 
so  constructed  that  the  center  of  curva^e 
of  all  the  surfaces  will  lie  on  a  single  straight 
line  termed  the  optical  axis  of  the  lei^  If 
aspherical  surfaces  are  used,  their  individual 
axes  should  correspond  with  the  optical  axis 
of  the  lens.  Failures  to  comply  with  these 
conditions  arc  termed  errors  of  centration. 
Errors  of  centration  cause  tangential  distor¬ 
tion,  prism  effect,  field  tilt,  and  asymmetric 
radial  distortion. 

3.6.6.4  Principal  point  of  oidocoUimation. 
The  principal  point  of  autocollimation  is  a 
term  used  in  measuring  distortion  and  is  de¬ 
fined  exactly  the  same  as  principal  focus, 
except  that  the  plane  of  best  definition  is 
assumed  to  be  the  actual  emulsion  plane  of 
the  camera.  (See  3.I.2.I.) 

3.b.6.5  Prism  effect.  A  lens  has  “prism 
effect”  when  light  from  an  infinitely  distant 
object  point  passing  through  the  rear  nodal 
point  on  a  line  perpendicular  to  the  image 
plane  of  a  camera  is  not  imaged  at  the  princi¬ 
pal  point  of  the  perspective.  The  principal 
point  of  the  perspective  is  the  point  of  inter¬ 
section  with  the  focal  plane  of  a  perpendicu¬ 
lar  dropped  from  the  rear  nodal  point  of  the 
lens.  The  principal  point  of  the  perspective 
and  principal  point  of  autocollimation  should 
coincide.  Decentered  lenses  behave  as  if  they 
consisted  of  an  ideal  lens  plus  a  thin  prism. 


The  limits  on  prism  effect,  when  required, 
nhflll  l>e  specified  in  terms  of  ^tiie  vertex  anglh 
of  the  prism  (index  *  ll6)  which  would 
give  the  same  result  used  in  combination 
with  a  perfect  lens.  (See  5.1-2.17.) 

3.6.7  Relative  illumination-  Relative  illu- 
mination  is  defined  as  the  ratio  of  the  IDo- 
minance  at  the  focal  plane,  for  off-axis  field 
positions,  to  the  illuminance  *for  the  center 
of  the  field.  This  assumes  that  the  luminance 
of  the  object  field,  as  observed  from  the  lens, 
is  the  same  throughout  the  field,  or  that  the 
field  is  a  Lambert’s  law  surface.  The  redac¬ 
tion  in  illuminance  may  be  dne  to  such  causes 
as  absorption,  cosine  variations,  and  barrel 
vignetting.  Relative  Dhnnination  shall  be 
specified  as  percent  of  axial  ffluminance  for 
image  points  at  given  angular  distances.  A 
curve  on  which  percent  of  axial  illuminance 
is  plotted  against  field  angle  may  be  used. 
For  purposes  of  specification,  the  following 
example  is  given:  At  f/6.3  the  image  illumi¬ 
nance  at  45  degrees  shall  be  no  less  than  8 
percent,  and  at  35  degrees  no  less  than  20 
percent  of  the  image  illuminance  on  axis. 
(See  5.1.2.11.)  Figure  5  is  plotted  as  an  ex¬ 
ample  of  relative  iUomination. 


AAiUL/ts  orr  AX!5 

Figure  5.  Relative  Illumination 


3.6.7.1  Vignetting.  Vignetting  is  the  pro¬ 
gressive  reduction  in  the  cross-sectional  area 
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of  a  beam  of  light  passing  through  a  lens  as 
the  obliquity  of  the  beam  is  increased.  It  is 
due  to  obstruction  of  the  beam  by  the  various 
mechanical  apertures,  lens  mounts,  etc., 
within  the  lens.  (The  cross-section  of  the 
beam  must  be  taken  in  a  plane  perpendicular 
to  the  optical  axis  of  the  lens.)  Thus  the 
beam  of  light  from  an  axial  object  point 
passing  through  the  lens  is  generally  circu¬ 
lar  in  cross-section,  whereas  an  oblique  beam 
originating  at  any  extra-axial  object  point  is 
generally  non-circular  in  shape  due  to  the 
“vignetting”  action  of  the  various  limiting 
apertures  within  the  lens.  'Ibis  restricted 
usage  of  the  term  "vignetting”  must  be  care¬ 
fully  distinguished  from  its  common  mean¬ 
ing,  which  generally  refers  to  the  progres¬ 
sive  reduction  in  image  illuminance  at  in¬ 
creasing  obliquity;  the  popular  term  thus 
combines  the  two  distinct  concepts  of  area 
vignetting  and  the  cos*  effect. 

3.6.7..2  Cos*  law.  When  light  from  a  uni¬ 
form  diffusing  source  falls  on  a  plane  screen 
parallel  with  the  source  at  a  distance  from 
it  which  is  large  in  comparison  with  the  di¬ 
mensions  of  the  source,  the  illuminance  on 
the  screen  varies  approximately  as  cos* 
where  ^  is  the  angle  between  the  axis  of  the 
source  and  the  line  joining  the  center  of  the 
source  to  the  screen-point  under  considera¬ 
tion. 

a  e-7-g-l  JUaminarice  distributioTi.  t\Tien 
illuminated  by  an  object  of  uniform  lumi¬ 
nance  (viewed  from  the  lens)  and  of  a  size 
sufficient  to  entirely  fill  the  field  of  view,  a 
lens  having  a  circular  diaphragm  gives, 
within  the  mechanically  unvignetted  portion 
of  the  field,  a  distribution  of  illuminance 
which  follows  the  cos*  law  in  terms  of  the 
obliquity  angles  at  the  diaphragm  provided 
that  the  conditions  stated  below  arc  satisfied. 
A  lens  with  a  diaphragm  in  front  gives  a 
distribution  of  illuminance  proportional  to 
cos*  *  (where  4.  is  the  obliquitv  angle  in  the 
object  space)  if  the  image  is  free  from  dis¬ 
tortion  and  if  the  distance  from  the  object 


plane  to  the  diaphragm  is  very  large  with 
respect  to  the  diameter  of  the  diaphragm. 
A  lens  with  an  internal  diaphragm  gives  a 
distribution  of  illuminance  proportional  to 
cos*  (where  is  the  obliquity  angle  in  the 
diaphragm  space)  if  the  component  behind 
the  diaphragm  does  not  contribute  to  the 
image  distortion  and  the  aperture  is  very 
small.  A  lens  with  a  diaphragm  behind  it 
gives  a  distribution  of  illuminance  propor¬ 
tional  to  cos*  (where  4'  is  the  obliquity 
angle  in  the  image  space)  if  the  distance 
from  the  diaphragm  to  the  image  plane  is 
very  large  with  respect  to  the  diameter  of 
the  diaphragm.  In  each  case,  the  distribution 
of  illuminance  exactly  corresponds  to  the 
distribution  that  would  be  obtained  with  a 
small  circular  Lambert’s  law  source  placed 
at  such  a  distance  from  the  image  plane  that 
the  obliquity  angles  from  the  center  of  the 
source  to  the  image  points  are  as  defined 
above. 

3.6.7.2J^  Variation  of  cos*  law.  Ordinary 
optica]  distortion  in  the  lens  will  in  general 
have  a  considerable  effect  on  the  distribution 
of  illuminance  across  the  field  when  express¬ 
ed  as  a  function  of  the  entering  obliquity 
angle  e.  Some  lenses  have  been  constructed 
in  which  the  cos  *  4'  law  has  been  almost 
completely  nullified  by  the  presence  of  a 
sufficiently  large  amount  of  barrel  distortion. 
Regarded  naively,  the  distortion  may  be  said 
to  compress  the  outer  part  of  the  image,  thus 
increasing  the  illuminance  within  it. 

3.6.7.3  Beam  sectioTts.  \^^en  it  Is  necessary 
to  compute  the  light  distribution  to  be  anti¬ 
cipated  in  a  new  lens  design,  or  when  esti¬ 
mating  the  light  distribution  from  the  di¬ 
mensions  of  a  lens  without  making  actual 
photometric  measurement,  it  is  necessary  to 
determine  the  section  of  a  light  beam  as  it 
enters  or  leaves  the  lens,  at  adopted  refe¬ 
rence  planes  perpendicular  the  optical  axis 
of  the  lens.  Conveni^'L  reference  planes  are 
the  planes  defined  by  the  rims  of  the  lens 
mounts  at  the  two  ends  of  the  lens  barrel. 
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A  lisiit  beam  from  an  extra-axial  object 
point,  proceeding  throng  the  lens  to  its 
image  point,  will  intersect  these  two  refe¬ 
rence  planes  in  two  “beam  sections,”  gene¬ 
rally  non-circular  in  shape.  These  sections 
be  plotted  and  the  areas  measured  (see 
5.1.2.11.4),  or  they  can  be  computed  if  the 
lens  construction  is  known  by  tracing  a 
suflScient  number  of  skew  rays. 

3.6.7.4  Obliquity  angels.  For  any  point  of 
the  reference  plane  in  the  object  space,  *  is 
the  angle  between  a  normal  from  the  front 
nodal  point  to  the  reference  plane  and  a  line 
joining  that  point  with  the  object  point. 
Similarly,  for  any  point  in  the  reference 
plane  in  the  image  space,  e'  is  the  angle  be¬ 
tween  the  normal  from  the  rear  nodal  point 
to  the  reference  plane  and  a  line  joining  that 
point  with  the  image  point.  The  obliquity 
angle  ♦  is  the  same  for  every  ray  of  the 
entering  oblique  parallel  beam. 

3.6.8  Transmittance.  Lens  transmittance  is 
defined  as  the  ratio  of  the  light  flux  leaving  a 
lens  to  the  light  flux  entering  the  lens.  It  is 
specified  as  a  percentage.  When  specifying 
percent  transmittance  and  tolerance,  the 
color  of  the  light  incident  on  the  lens  should  -  ^ 
be  specified,  and  the  spectral  sensitivity  of 
the  film,  when  used,  should  also  be  specified. 
Percent  transmittance  may  also  be  specified 
as  spectral  transmittance,  wherein  the  trans¬ 
mittance  at  each  wave  length  is  specified. 

3.6.8.1  Color  contribution.  For  some  uses 
the  color  of  the  light  transmitted  by  an  opti¬ 
cal  system  is  an  important  consideration. 

The  color  of  the  optical  glass,  coatings,  inter¬ 
ference  films,  and  filters  used  determine  this 
property.  The  effect  that  the  optical  system 
has  upon  spectral  characteristics  of  the  light 
flux  entering  the  system  is  termed  “color 
contribution."  This  property  of  an  optical 
system  is  specified  and  measured  in  terms 
of  conventional  spectral  transmittance 
curves,  wherein  transmittance  in  percent  is 
plotted  against  wave  length  in 


3.6,9  Spherical  aberration.  Spherical  aber¬ 
ration  is  defined  as  an  c^tical  defect  in  which 
rays  of  light  through  different  narrow  annu¬ 
lar  zones  of  the  lens  (concentric  with  the 
optical  axis)  from  an  axial  object  point  do 
not  come  to  focus  in  the  same  plane.  When 
required,  the  hmits  on  spherical  aberration 
may  be  specified  as  the  difference  in  focal 
position  for  light  through  an  annular  zone 
of  given  width  and  radius  and  that  for  light 
througdi  the  axial  zone  of  a  radius  approach¬ 
ing  zero.  It  shall  be  negative  when  the  focal 
distance  for  the  zone  of  specified  radius  has 
the  greater  value.  It  may  also  be  specified  by 
means  of  a  curve  in  which  the  focal  diffe¬ 
rence  is  plotted  against  zone  radius  for  dif¬ 
ferent  zones.  When  specifying  spherical 
aberration,  the  color  or  wave  length  of  light 
used  and  whether  measured  at  infinite  or  at 
finite  focus  diall  be  specified.  (See  5.1.2.18.) 
Figure  6  is  plotted  as  an  example  of  spheri¬ 
cal  aberration. 


-02  O  •.02 

focAt  (fin.) 

FiCVVX  C.  Spheriaii  Abtrrativn 

3.6.9.1  Focal  shift.  Focal  shift  caused  by 
spherical  aberration  is  an  important  conside¬ 
ration.  It  may  be  specified  as  a  change  of 
focus  either  for  the  position  of  “greatest 
concentration”  or  for  the  ‘‘haze  position”  as 
the  lens  aperture  is  changed.  It  may  also  be 
specified  as  the  difference  in  focus  between 
these  two  positions  at  a  given  aperture. 

3.6.9.1.1  Position  of  greatest  concentra- 
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tiou.  The  “positioi^  of  greatest  concentra¬ 
tion”  is  defined  as  the  focus  position  at  which 
the  aerial  image,  observed  under  magnifica¬ 
tion,  shows  the  least  amount  of  spreading. 
Verj'  coarse  resolution  charts  make  a  suit¬ 
able  object. 

3.6.9.1.2  Haze  position.  The  "haze  posi¬ 
tion”  is  defined  as  the  focus  position  at  which 
is  obtained  the  highest  resolution  even 
though  there  is  considerable  light  around  the 
image  of  the  target.  Haze  position  should  be 
determined  with  a  high  contrast  target. 

3.6.10  Veiling  glare.  Lenses  in  addition 
to  focusing  light  to  the  image  plane  may 
scatter  some  light  more  or  less  widely  over 
the  image.  This  scattered  light  lowers  the 
contrast  of  the  image.  The  scattering  may 
be  due  to  a  number  of  causes,  such  as  dirt 
or  scratches  on  the  lens  surface,  multiple 
reflections  from  the  surfaces,  or  reflections 
or  scattering  from  mounts.  This  non-image 
forming  light  is  referred  to  as  “veiling 
glare.”  The  measure  of  veiling  glare  is : 

V  *  KK)  -  %  (111 

E, 

where  E,  is  the  image  illuminance  produced 
by  the  glare  light,  and  E,  is  the  total  image 
illuminance  produced  by  image  light  plus 
glare  light. 

3.6.11  Ccmdejiser  characteristics.  A  con¬ 
denser,  which  may  consist  of  one  or  more 
elements  and  components,  is  usually  intended 
for  interception  of  a  certain  portion  of  the 
light  from  a  source  and  concentration  of  this 
light  on  a  given  area  tr  such  a  manner  that 
the  image  of  this  area  is  satisfactorily  illu- 
Tninatf^d  on  a  screen.  The  adequate  descrip¬ 
tion  of  a  condenser  includes:  its  equivalent 
foeaMength.  the  f/  nuhiber  of  the  aperture 
ratio  of  the  system  with  which  the  given 

■  VflHnr  rl*r*  rvrtA)**  t)>«  “itniT  “(U->  “ 

envitrMt  rtndltlon,''  and  briiltaRca*'  which  con* 


area  is  to  be  imaged,  the  distance  of  fhis 
area  from  the  front  vei  tex  of  the  condenser, 
the  distance  of  the  rear  vertex  of  the  con¬ 
denser  from  the  specified  light  source.  The 
performance  of  a  condenser  should  be  speci¬ 
fied  in  accordance  with  the  test  specified  in 
5.1J2.20. 

3.7  MISCELLANEOUS  FEATURES.  In 
describing  a  lens  a  number  of  miscellaneous 
features  are  encountered  which  do  not 
directly  relate  to  any  particular  aspect  of 
this  standard.  These  are  listed  with  defini¬ 
tive  and  explanatory  data. 

3.7.1  Performance  designation.  Lenses  are 
occasionally  designated  by  the  performance 
they  are  designed  to  supply  relative  to  coi- 
rection  of  specific  geometrical  aberations, 
the  three  designations  generally  emplo5’ed 
being  achromat,  anastigmat,  and  apochre 
mat.  These  terms  are  defined  in  a  general 
manner  as  follows. 

3.7.1.1  Achromat.  An  achromat  is  a  len?. 
in  which  the  EFL  and  BF  have  their  valu?? 
the  same  for  light  of  tw’o  designated  wasc 
lengths.  Also,  the  other  aberration?  a-n 
sufficiently  well  corrected  for  the  use  in¬ 
tended. 

3.7.1.2  Anastigmat.  An  anastigmat  is  a 
lens  in  which  the  astigmatic  difference  is 
zero  for  at  least  one  zone  in  the  image  plane. 
In  such  a  lens  the  other  aberrations  are 
snflSciently  well  corrected  for  the  use  in¬ 
tended. 

3.7.1.3  Apochromat.  An  apochromat  is  a 
lens  in  which  lateral  and  longitudinal  chro¬ 
matic  aberrations  are  smaller  than  the  sec¬ 
ondary"  sprCf  riim  residual  in  ordinary  glass 
achroxnats,  and  three  wave  length?  are 
brought  to  a  common  focus.  The  other  aber¬ 
rations  are  .sufficiently  well  corrected  for  the 
use  intended.  In  some  cases  wherein  the 
color  corrections  are  not  carried  to  the  ultl- 
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tnafA  ^ygTftp-,  ^xe  leztfes  tre  sometunes  called 
acmi-apochromats. 

3.7J2  ReiUdion  redudno  coatings.  Refleo- 
tion  reducing  coatings  on  glass  to  air  sur¬ 
faces  of  dements  consist  of  thin  films  of 
transparent  substances.  These  substances 
are  so  applied  and  their  indices  of  refraction 
so  chosen  that  they  form  permanent  hard 
coatings  which  substantially  reduce  reflec¬ 
tance  at  the  surfaces  for  the  spectral  region 
to  be  used. 

3.7.3  Environmental  range,  "nie  maximum 
range  of  temperature,  pressure,  humidity, 
vfliration,  and  biological  conditions  under 
which  a  lens  can  operate  and  be  stored  con¬ 
stitute  its  environmental  range.  The  nnge 
required  depends  upon  the  intended  use.  Ex¬ 
cept  when'  specified,  the  metrical  and  per¬ 
formance  valnes  covered  by  this  standard 
apply  to  normal  room  tenqieratnre  and  pres¬ 
sure  conditions. 

3.74  Optical  glass.  Optical  glass  is  a  glass 
whidi  during  manufacture  is  carefully  con¬ 
trolled  with  respect  to  composition,  melting, 
heat  treatment,  and  other  proeeastng  in 
order  that  its  optical  characteristics,  such 
as  indices  of  refraction,  dispersion,  trans¬ 
mittance,  spectra]  transmittance,  freedom 
from  birefringence,  atmospheric  stability, 
etc.,  have  the  values  required  for  the  optical 
application  lor  which  it  is  to  be  used. 

8.7.44  Refractive  index.  When  a  ray  is  re¬ 
fracted  at  the  surface  of  separation  b«twe«» 
air  and  a  medium,  the  ratio  of  the  sine  of  the 
angle  of  incidence  in  the  air  to  the  sine  of 
the  angle  of  refraction  in  tiie  medium  is 
equal  to  the  refractive  index  of  the  medium. 

8.7.44  Diepereion.  Dispersion  is  the  dille- 
rence  in  refractive  index  between  the  C  and 
F  lines  of  hydrogen  (in  the  absence  of  more 
specific  requirements). 

3.7.44.1  Diepertive  power.  Dispersive 


power  is  the  ratio  of  the  dispersion  from  C 
and  F  to  the  refractive  index  of  Sodium 
njr“l* 

3.7.444  Abbe  v  number.  The  Abbe  v  niun- 
ber  is  the  reciprocal  of  the  dispersive  power 
and  is  equal  to  (Un — l)/(nf — no). 

3.744  Double  refraction.  When  a  lii^t 
ray  is  transmitted  through  an  anisotropic 
it  is  in  general  resolved  into  two 
ra3m  polarized  in  perpendicular  directions. 
This  phenomenon  is  called  “double  refrac¬ 
tion.**  It  also  occurs  in  a  homogeneous 
material  such  as  glass  when  elastically  de¬ 
formed  or  internally  stressed-  The  maximum 
difiTorence  in  index  of  refraction  lor  rays 
polarized  in  different  directions  is  caDed  the 
•birefringence**  of  the  materiaL 

3.7.44  Chemical  durability  of  glass. 
ntiAinifLol  durability  of  glass  is  tte  resistance 
which  the  poliidied  glass  sample  riiows  the 
corroding  actios  of  water,  atmoepberic 
agencies,  and  aqueous  solutions  cS  acids, 
bases,  and  salts. 

3.7.5  Internal  sverfoees.  Internal  non-opti- 
cal  surfaces  of  lenses  and  lens  mounts  con¬ 
tribute  to  vefling  glare  by  light  reflected 
from  til*™  into  the  image  space.  Consequent¬ 
ly,  where  needed  so  as  not  to  contribute  to 
veiling  glare,  lens  barrels  and,  in  some  in¬ 
stances,  lens  cells  should  be  Iniife-edge 
baffied;  lens  edges,  mounts,  barrels,  cells, 
seats,  and  bores  should  be  finished  with  s 
dun  black  lU^t-absorbing  material. 

34  BEAUTT  DEFB(7!8.  Beauty  defects 
are  those  imperfeetioBS  of  oompoiieata  and 
elements  of  an  optical  system  which  do  not 
affect  the  optical  characteristics.  They  are 
undesirable  but  may  be  accepted  if  they  do 
not  cause  a  signifleant  degra^tion  of  image 
quality  or  environmecHl  stability.  The 
various  imperfections  classified  as  beauty 
defects  are  aa  foOowB. 
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3^1  Material  defects. 

Bubbles.  Babbles  are  air  or  gaseous 
inclusions  entrapped  within  the  glass. 

3.SJ.JL1  Seeds.  Seeds  are  very  small  bub¬ 
bles. 

Air  bells.  Air  bells  are  irregularly 

idiaped  bnbblea. 

Cracks.  Cracks  are  shallow  separa¬ 
tions  or  breaks  in  tiie  glass. 

3A.l^  Feathers.  Feathers  are  powdered 
surfaces  folded  into  the  glass  in  the  pressing 
process. 

3.8X4  Folds,  or  laps.  Folds,  or  laps,  are 
areas  in  which  the  glass  has  been  folded 
upon  itself  but  not  fused. 

3.8.1.5  MiUdmss..  Milkiness  is  caused  by 
cloudy  or  nuDcy  areas  within  tiie  glass. 

3A.X8  SUmes.  Stones  are  fragments  of 
undissolved  material  in  the  glass. 

3.8.X7  Strain.  Strain  is  tension  within  the 
glass  caused  by  inadeQUste  snnealing  or  im¬ 
proper  mounting.  It  is  an  area  of  index  of 
refraction  differing  from  the  nominal. 

3XX8  Striae.  Stnae  are  steaks  or  veins  in 
the  glass  with  the  index  of  refraetien  differ- 
ing  from  that  of  the  body  of  the  glass. 

3A.1X>1  Reams.  Reams  are  fine  bands  of 
striae. 

3.8.1.8.2  Cords.  Cords  are  streaks  of  very 
heavy  striae. 

3.8X  Manufaeturing  defects. 

3.8X.1  Blisters.  Blisters  are  bubbles  in  a 
cement  lay«r. 


2  Bums.  Bums  are  reddish  stains 
generally  ground  on  the  central  areas  of 
elements.  They  are  usually  caused  by  the 
diying-up  or  glazing  of  a  polisher. 

3.8X.3  Cement  starts.  Cement  starts  are 
spots  where  the  components  of  a  cemented 
lens  have  started  to  separate.  They  can  be 
grtutP  irregular  spots  between  the  elements 
or  run-ins  at  the  edge,  insuflacient  cement,  or 
cement  at  the  edge  dissolved  by  a  solvent. 

3.8X.3.1  Run<ns.  Run-ins  are  cement 
separations  at  the  edge  of  a  cemented  com¬ 
ponent. 

3AX.4  Chips.  Chips  are  areas  from  which 
glass  has  been  broken  sway  from  the  sur¬ 
face,  edge,  or  bevd  of  an  optical  dement 

Cracks.  Cracks  are  breaks  in  the 

glass. 

3J1X.6  Digs,  Digs  are  breaks  of  the  polish¬ 
ed  surface  of  a  round,  oval,  square,  etc., 
shape  including  pits,  holes,  and  surface 
broken  bubbles. 

3AX.6.1  Dirt  holes.  Dirt  holes  are  dig”- 
filled  with  rouge. 

3.8.2.7  Dirt.  Dirt  consists  of  dust  Hut,  or 
other  foreign  matter  on  the  surface  or  en¬ 
trapped  in  a  cement  layer. 

3.8X8  Graynees.  Gra3n»e88  is  represented 
by  finely  ground  areas  indicating  incomplete 
or  improper  polishing. 

3.8X.9  Mold  marks.  Mold  marks  nrc 
marks  on  tiie  surface  produced  by  mold’":: 

3X8.10  Orange  peel  Orange  peel  is  pccrlr 
polished  surface,  pock-roarked  with  piw- 
having  much  the  same  surface  appearance 
as  the  skin  of  an  orange 

3.8dS.ll  Poor  polish.  Poor  polish  pertains 
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to  polished  surface  containing  nainute  pits 
of  a  gray  or  red  color.  They  are  gray  grind¬ 
ing  pits  in  the  surface  of  the  glass,  or  red 
grinding  pints  in  which  rouge  has  been  so 
deeply  embedded  that  it  has  to  be  removed 
by  further  polishing. 

3^12  Scratches.  Scratches  are  furrows 
or  grooves  in  the  surface  of  the  glass  caused 
by  the  removal  of  glass,  usually  made  by 
coarse  grit,  fragments  of  glass,  sharp  tools, 
etc.,  rubbed  over  the  surface. 


3.8.2.13  Smears,  scum,  water  spots,  etc. 
Smears,  scum,  water  spots,  etc.,  are  residue 
of  evaporated  or  unevaporated  moisture. 
They  are  usually  removable  by  “normal" 
cleaning. 

3.8J2.14  Stain.  Stain  is  a  discoloration  of  the 
glass  surface,  usually  brown,  blue,  or  green, 
caused  by  the  deposit  of  foreign  matter,  or 
changes  produced  on  the  surface  of  the  gUss 
by  chemical  action  of  some  substance  with 
the  glass. 


4.  GENERAL  REQUIREMENTS 


r 


4J  MARKINGS. 

4.1.1  Lens  markinffs.  Lens  markings,  such 
as  maximum  aperture,  focal  length,  field  of 
view,  and  serial  number  shall  be  placed  on 
the  front  of  the  lens  cell  or  on  the  barrel  if 
space  limitations  so  require.  The  lens  nanie 
and  aerial  number  shall  be  assigned  by  the 
manufacturer. 

4.1.2  CeU  marking.  Lenses  supplied  in  cells 
or  constructed  with  removable  cells  shall 
have  all  cells  permanently  marked  with  at 
least  the  last  three  digits  of  the  lens  serial 
number. 

4.1.3  Maximum  aperture.  All  types  of  lens¬ 
es,  except  types  X  and  XI,  shall  be  marked 
with  their  maximum  aperture  stated  either 
as  the  relative  aperture,  aperture  ratio  or 
T-stop. 

4.1.3.1  The  symbol  for  relative  aperture  of 
a  lens  shall  be  f/  followed  by  the  numerical 
value,  for  example  f/2.0.’* 

4.1.3.2  The  symbol  for  the  T-stop  of  a  lens 
shall  be  T  followed  by  a  space  and  then  the 
numerical  value,  for  example  T  2.2. 

4. 1.3.3  f-numbrr}^  The  effective  diameter 

*  AJMrftcau  Btn»4ird  Lua  Apmsinra 


of  the  maximum  aperture  of  the  lens  shall 
be  at  least  95  percent  of  the  quotient  obtain¬ 
ed  by  dividing  the  marked  focal  length  by 
the  f-number  corresponding  to  the  maximum 
marked  apeiiure. 

4.1.4  Iris  diaphragm  control  marking. 

4.1.4.1  FvU  stop.*’  The  standard  series  of 
diaphragm  markings,  or  stop  openings,  shall 
be  0.7, 1.0,  1.4,  2.0,  2.8,  4.0,  5.6,  8,  11, 16,  22, 
32.  45,  64,  90,  and  128. 

4.1 .4.2  Maximum  aperture  tmlue.^*  The  f- 
number  corresponding  to  the  maximum  aper¬ 
ture,  T-ntimber,  or  aperture  ratio  value 
marked  need  not  be  selected  f.'*om  the  above 
series  but  shall  be  followed  by  the  above  ser- 
ie.s  of  stop  openings  beginning  with  the  ne:rt 
largest  number  whenever  practical  and  pro¬ 
gressing  as  far  as  required  in  the  individual 
application;  e.g.,  for  an  f/1.9  lens  the  dia¬ 
phragm  might  be  marked  f/1.9,  2.8,  4.0,  5.6, 
8.  etc.,  if  it  was  believed  that  to  mark  it 
f/1.9,  2.0,  2.8,  4.0.  5.6,  etc.,  would  confuse 
the  marking  at  the  f/1.9  end  of  the  scale. 

4. 1.4.3  Frnr.tioruil  stop  vnlu(‘?>.  In  addition 
to  the  numbered  values,  each  stop  may  be 
divided  into  three  s'lhoi  •■sion'!  by  dots 
marks  (not  numbered),  the  dots  being  at 
“thirds  of  a  stop,”  e.g.,  0.7,  0.8,  0.9, 1.0, 1.12, 
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I. 26,  IJt,  1.5,  1.7,  £.0,  2.2,  2.5,  £.8,  8.2,  8.6, 
^.0;  4.5,  6.0,  5.6(6),  6.3,  7.1,  8.0,  9.0,  10.0, 

II. (S),  12.7,  14.2,  16,  18,  20,  2£.(6),  25,  28, 
S£^ 

4.1.4.4  Tolerance  of  marking.  For  a  lens 
marked  in  relative  apertures,  if  the  setting 
for  a  given  indicated  value  is  made  by  pro¬ 
ceeding  from  a  larger  to  a  smaller  opening 
(to  insure  constancy  of  direction  for  elimina¬ 
tion  of  backlash),  the  marked  value  shall 
not  be  in  error  by  more  than  one-third  of  a 
stop  (plus  or  minus  12  percent  of  the  dia¬ 
meter  or  plus  or  minus  25  percent. of  the 
area  of  the  effective  aperture).  Under  simi¬ 
lar  conditions,  if  the  lens  is  graduated  in 
T-stops,  the  errors  shall  not  exceed  one- 
tenth  of  a  stop  (plus  or  minus  7  percent  of 
the  central  image  illuminance). 

4.1.5  Focal  length.^^ 
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4.1.5.1  All  lenses  which  are.  marked  with 
the  equivalent  focal  length  shall  indicate 
this  value  by  the  letters  EFL  followed  by  the 
numerical  value  either  in  the  English  or  the 
Metric  system  as  required  by  the  individual 
application. 

4a.5.2  The  accuracy  of  the  marked  focal 
length  shall  be  as  required  by  the  individual 
application. 

4X5.3  Accuracy  of  focusing  scales.  Focus¬ 
ing  scales,  when  required,  shall  be  accurate¬ 
ly  marked  to  indicate  the  correct  focus  posi¬ 
tion  of  the  corresponding  lens  to  an  accuracy 
of  rtds,  where  ds  =  CN.  N  is  defined  by 
equation  (2)  in  3.2.2.  and  C  is  a  constant 
which  may  be  related  to  the  circle  of  con¬ 
fusion  or  the  permissible  resolving  power. 
The  value  of  C  is  determined  by  the  individ¬ 
ual  application. 


5.  DETAIL  requirements 


5.1  METHODS  OF  TEST  AND  MEAS 
UREMENT.  This  section  deals  with  method: 
of  testing  and  measuring  properties  related 
to  photogrraphic  lenses.  In  many  cases  par- 
ticular  details  are  not  provided  but  will  be 
d^ermined  by  the  individual  application. 
Whenever  alternate  methods  of  testing  or 
measuring  are  given,  the  method  shall  be 
employed  which  is  most  convenient  and 
which  best  agree.s  with  the  intended  use  of 
the  lens.  When  this  standard  is  used  in  refer¬ 
ence  to  the  procurement  of  photographic 
lenses,  only  those  tests  specifically  designated 
shall  be  used  in  the  examination  of  the  prod- 

Foci  L«,«h.  Of  for  Air  .nd  M*pp!nr 
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uct.  The  procurement  shall  also  clearly  state 
which  tests  apply  to  100  percent  inspection 
and  which  tests  are  to  be  used  only  for  the 
examination  of  samples. 

5.1.1  Test  apparatus.  The  criteria  to  be 
used  in  judging  the  suitability  of  test  ap- 
paratus  are  as  follows: 

5.1.1.1  Collimator.  A  collimator  is  a  device 
by  which  8  test  object  (pinhole,  resolution 
chart,  etc.,)  is  made  to  appear  at  an  infinite 
distance  from  the  observer.  It  commonly 
consists  of  a  well-corrected  telescope  objec¬ 
tive  or  rata  dioptric  s.vstem  with  the  test 
^ject  mounted  accurately  in  the  focal  plane. 
The  collimator  aperture  relative  to  the  lens 
sho\]  be  such  that  the  entrance  pupil  of  the 
l^ns  is  filled  with  light  of  uniform  iHumi. 

nance  from  every  part  of  the  collimator 
field. 

5.1.1.2  Optical  bench  n.nd  nodal  slide.  The 
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microscope  objective  on  the  test  bench  shall 
have  a  numerical  aperture  "n  sin  o”  srreater 
than  *'n  sin  a*'  (see  eQuation  (2)  in  3.22)  of 
the  lens  being  tested.  When  examining  the 
edge  of  the  field  of  a  lens,  the  numerical 
aperture  of  the  microscope  objective  shall  be 
sufficiently  large  to  permit  it  to  intercept 
both  principal  and  edge  rays.  Alternately, 
the  microscope  may  be  mounted  on  a  verti¬ 
cal  -pivot  permitting  this  to  be  accomplished. 
In  this  case,  the  axis  of  the  pivot  must  pass 
through  the  object  point  of  the  microscope. 
For  reference,  table  I  shows  the  numerical 
apertures  and  their  corresponding  f-num- 
bers. 


Tabix  I 


NaawfieaX  ■pftnm 

f-numtow 

0.0175 

f/28.7 

0.0349 

f/14.3 

0.0523 

1/9.55 

0.0698 

f/7.15 

0.0872 

f/5.74 

0.1737 

f/2.88 

0.2588 

f/1.93 

0.3420 

f/1.46 

0.4226 

1/1.18 

0.5000 

1/1.00 

0.5736 

170.872 

0.6428 

1/0.778 

0.7071 

1/0.707 

0.7660 

1/0.653 

0.3192 

f/0-610 

0.8660 

1/0.577 

0.9063 

1/0.552 

0.9397 

1/0.532 

0.9659 

t/0.>18 

0.9848 

1/0.508 

0.9962 

1/0.602 

1.0000 

1/0.500 

5.1.12  Infmitjf.  liVhen  testing  a  lens  at  “in¬ 
finite'*  focus  by  means  of  a  target  at  a  finite 
distance,  the  distance  shall  be  considered  ap¬ 
proximately  infinite  when  it  is  greater  than 
D  measured  in  feet 

fD  =  400  fd  (12) 

where  d  is  the  diameter  of  the  effective  aper¬ 
ture  in  inches,  and  f  is  the  EFL  in  inches 


of  the  lens  being  tested.  The  distance  D  is 
not  to  be  used  in  determining  the  EFL  di¬ 
rectly,  unless  a  suitable  correction  is  made 
for  the  plane  of  best  infinite  focus.  However, 
a  distance  D  may  be  used  for  focusing  and 
checking  resolution  of  fixed  focus  cameras 
and  cones  at  infinity.  For  checking  infinity 
focus  resolution  only,  designated  values  less 
fiian  that  of  D  in  formula  (12)  may  be  used 
iinipiiMj  as  in  some  cases,  there  is  a  noticeable 
loss  in  resolving  power  when  a  lens  intended 
for  use  at  infinity  is  tested  at  finite  distance. 

52.1.4  WhiU  Ught.  White  light  wifl  usual¬ 
ly  be  used  in  conducting  all  tests.  For  most 
photographic  tests,  tiie  spectral  composition 
of  “white  light'*  is  not  critical  and  any  source 
of  lisdit,  ordinarily  considered  free  from 
color,  may  be  use^  For  purposes  of  this 
standard,  white  light  is  defined  as  black  body 
radiation  of  2750‘*K  to  SOOO®K.  When  re¬ 
quired,  the  white  light  may  be  filtered  to  a 
particular  color.  (The  detailed  specification 
shall  state  whether  or  not  the  filters  supplied 
with  the  lens  shall  be  used  when  conducting 
resolving  power  tests.) 

5.1.1.4.1  Flash  discharge  lamps.  Flash  dis¬ 
charge  lamps  will  be  permitted  for  making 
test  exposures  provided  care  is  taken  to  in¬ 
sure  controlled  charging  of  the  lamp  conden¬ 
ser  so  that  successive  exposures  are  approxi¬ 
mately  eqfual  during  the  photographic  test¬ 
ing  process. 

5.LL5  Photoffraphie  plates  and  fdm.  The 
photographic  sensitized  material  and  the 
processing  used  in  tiie  testing  of  all  types  of 
lenses  shall  be  the  kinds  most  commonly 
used  witti  the  tjrpe  of  lens  being  tested-  (See 
5.1212.1.) 

522.6  Test  conditions.  Unless  particularly 
required  by  the  intended  uses,  aH  tests  and 
measurements  shall  be  conducted  under  nor¬ 
mal  room  conditions. 

5.1.1 .7  Resolving  power  target.  The  re- 
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solving  power  target  used  on  all  tests  shall 
be  as  follows:  The  target  shall  consist  of  a 
series  of  patterns  decreeing  in  size  as  the 
yjl,  TZ,  v^with  a  range  sufficient  to  cover 
the  requirements  of  the  lens-film  combination 
under  test.  The  standard  target  element  shall 
consist  of  two  patterns  (two  sets  of  lines) 
at  right  angles  to  each  other.  Each  pattern 
fthall  consist  of  three  lines  separated  by 
spaces  of  equal  width.  Each  line  shall  be  five 
times  as  long  as  it  is  wide.  (See  Figure  7.) 
For  types  1  and  II  lenses,  targets  with  light 
lines  on  a  dark  background  are  preferred; 
for  types  IV,  VI,  VII,  XII,  XII  lenses,  tar¬ 
gets  with  dark  lines  on  a  light  background 
are  preferred.  The  target  contrast  (the  dif¬ 
ference  in  photographic  density  between  the 
lines  and  spaces)  shall  be  either  high,  medi- 
tnn,  or  low  contrast,  as  specified. 


I 
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Ficube  7.  SUindard  Rwlving  Power  Tett  Target 
JETZement,  Tht  patierM  of  lineB  or#  parallel  lines 
tJS  at  miilimetero  lon^  and  OJ  at  miUimeters  wide 
with  space  0.5  x  millimeters  wide  between  the  paraU 
Ul  where  x  eqwoXe  the  numbers  of  lirus  per 

millimeter. 

% 

5.1.1.7.1  Hiffh  contrast  tarpet.  A  high  con¬ 
trast  target  is  one  in  which  the  density  dif¬ 
ference  between  the  light  and  dark  areas  is 
greater  than  2.00. 

5.1.1.7.2  Medium  contrast  target,  A  medi¬ 
um  contrast  target  is  one  in  which  the  den¬ 
sity  difference  between  the  light  and  dark 
areas  is  equal  to  0.80  ±  0.06. 

5.1.1.7.3  Low  contrast  target.  A  low  con¬ 
trast  target  is  one  in  which  the  density  dif- 
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ference  between  the  light  and  dark  areas  is 
equal  to  0.20  ±  0.05. 

5.1.2  Test  methods. 

5.1.2.1  Plane  of  best  definition.  The  plane 
of  best  definition  is  usually  determined  by 
making  a  series  of  evaluations  at  a  sufficient 
number  of  focal  settings.  The  distance  be¬ 
tween  focal  settings  in  hundredths  of  milli¬ 
meters  shall  be  at  least 

f-number  of  lens 
no.  of  lines/mm.  expected 

The  detailed  specification  shall  state  the 
method  used  in  determining  the  plane  of  best 
definition. 

5-1 -2-2  Equivalent  focal  length. 

5.1.2.2.1  Method  1  —  Photographic  metK- 
odJ-*  The  EFL  shall  be  measured  by  placing 
a  photographic  pl^te^  the  focal  plane  of  the 
iniage  space.  Unless  otherwise  specified,  the 
focal  pUme  is  defined  as  the  place  of  best 
photographic  imagery  for  an  infinity  distant 
axial  point;  the  focal  plane  may  also  be  spe¬ 
cified  as  the  plane  of  best  definition.  A  colli¬ 
mator  and  reticle  may  be  conveniently  used 
to  provide  an  infinitely  distant  object  point. 
Exposures  are  made  with  ttie  beam  of  light 
from  the  collimator  directed  along  the  op¬ 
tical  axis  of  the  lens  and  a  series  of  angles 
^1,  /3„  etc.  On  the  reoultaBt  negative,  meas¬ 
urements  shall  be  made  of  the  distances 
“/i.  y*,  etc.,  from  the  axial  images  to  the 
images  corresponding  to  the  angles  ^i, 

y*  y* 

etc.,  and  the  quotient  - - ,  - 

tan  ^1  tan 

etc.,  formed.  The  limiting  value  of  this  quo¬ 
tient  as  p  approaches  zero  is  the  BFL.  In  a 
photographic  objective  free  from  distortion, 
the  quotient  is  invariant  with  respect  to  the 

^  AiWPT4cmn  SUndmn!  VvUmIs  for  HMlfnatint  sn6  Umsor- 
In*  Foc*l  X^wnrtKe  •nrf  foe*!  DUUuienw  of  f»V?4^i«rrmpblr 
KM 
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value  of  For  many  photographic  purpose# 
the  distortion  is  negligible  for  points  distant 
from  the  center  of  the  useful  field  not  more 
than  one-fifth  of  its  radius,  and  consequent¬ 
ly,  it  will  very  often  be  possible  to  obtain  a 
satisfactorily  accurate  value  of  the  EFL 
by  a  single  determination  of  /S  and  ■/  for  a 
point  lying  near  the  axis. 

5.1.2-2.1.1  Method  lA  —  Combination 
method.  The  EFL  also  may  be  determined 
by  adding  the  photographic  BF  to  the  dis¬ 
tance  from  the  rear  vertex  to  the  emergent 
nodal  point  The  latter  distance  nmy  be  de¬ 
termined  by  Method  2. 

5.1^.2,2  Method  S  —  l^odal  elide  method. 
The  lens  to  be  tested  shall  be  mounted  on  a 
nodal  slide  to  rotate  about  the  vertical  axis 
through  its  second  nodal  point  The  distance 
from  this  nodal  point  to  the  position  of  best 
axial  focus  for  an  infinitely  distant  object 
point  shall  be  measured.  This  is  also  known 
as  the  second  principal ’focus.  (An  important 
factor  or  ‘uncertainty  in  using  this  method 
is  the  difference  between  the  position  of  best 
focus  as  judged  visually  on  the  optical  bench 
and  the  best  focus  as  determined  photograph¬ 
ically  by  method  1).  When  using  this  meth¬ 
od.  the  criterion  for  determining  the  best 
axial  focus  should  be  specified.  The  criterion 
used  is  dependent  on  the  type  of  test  object 
or  target  used  and  may  be  specified  in  terms 
of  either  the  haae  position  or  the  position  of 
greatest  concentration  (see  3.6.9.1.1  and 
8.6.9.1.2)  or  in  terms  of  the  color  in  and 
around  the  image. 

5.1.2.3  Calibrated  focal  length.  When  de¬ 
termining  the  calibrated  focal  length,  the 
plane  of  best  average  definition  shall  be 
chosen  as  the  focal  plane.  To  compute  the 
calibrated  focal  length,  let  •/„  etc,  repre¬ 
sent  the  distances  in  the  focal  plane  from 
the  axial  point  to  the  imaifes  of  infinitely 
distant  object  points  lying  in  the  directions 
making  angles  fiu  fit,  etc.,  with  the  optical 
axis  of  the  objective.  If  f  is  the  equivalent 


focal  length  in  the  absence  of  distortion,  then 


Yt  -  f  fix 

Y,  -  f  iaxi  fi. 

(13) 

and 

/,  =  f  tan 

(14) 

In  the  presence  of  distortion 

Yx  ^  i  tan  fii  +  A  "/j 
•/,  =  f  tan  fit  +  b  •  Yt 

(15) 

and 

•/,  =  f  tan  +  A 

(16) 

The  added  terms  are  the  values  of  the  linear 
distortion  for  values  fit,  etc.,  respectively. 
The  values  of  /  and  fi  are  measured  directly. 
It  is  evident  that  the  individual  values  of  the 
distortion  defined  by  the  above  group  of 
equations  can  be  changed  by  changing  the 
value  of  f.  If  f  is  the  equivalent  focal  length, 
in  many  instances  values  of  the  distortion  in 
the  neighborhood  of  the  axial  image  point 
will  be  small,  and  near  the  edge  of  the  field 
the  values  will  be  large  and  predominantly 
negative  or  positive.  Infinitely  distant  targets 
may  be  provided  by  a  group  of  collimators 
or  by  one  collimator  which  can  be  succes¬ 
sively  placed  in  the  required  angular  posi¬ 
tions.  Exposures  shall  be  made  and  the  Y  cor¬ 
responding  to  each  angular  distance  from 
the  optical  axis  shall  be  determined. 

5.1.2.4  Back  focal  distance.'^  To  determine 
the  BF,  the  focal  plane  in  the  image  space 
shall  be  determined  by  a  visual  or  photo¬ 
graphic  method.  The  measured  distance  from 
this  focal  plane  to  the  vertex  of  the  back 
surface  of  the  lens  shall  be  the  required  BF. 

5.1. 2.5  Flange  focal  dietance.^^  To  deter¬ 
mine  the  FT),  the  focal  plane  in  the  image 
space  shall  be  determined  by  a  visual  or 
photographic  method.  The  measurement 
shall  be  made  from  the  plane  of  the  locating 
surface  or  the  flange  to  the  focal  plane. 

5. 1.2.6  Front  focal  dtsfoncf.**  To  deter¬ 
mine  the  FF.  the  focal  plane  in  the  object 
space  shall  be  determined  by  a  visual  o’- 

»  U.  *0. 
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photographic  method.  The  measured  distance 
from  this  focal  plane  to  &e  vertex  of  the 
front  surface  of  the  lens  shall  be  required 
FF. 

5.1.2.7  Front  vertex  hack  focal  dietance. 
To  determine  the  FVD,  the  focal  plane  in 
the  image  shall  be  determined  by  a  visual  or 
photograi^ic  method.  The  measured  dis¬ 
tance  from  tile  vertex  of  the  front  surface 
of  the  lens  to  the  focal  ]dane  shall  be  the 
required  FVD. 

5.1J2.8  Aperture  ratio.  For  tiie  special  case 
in  which  the  object  is  at  infinite  distance 
(magnification  =  0),  N,  the  first  member 
of  the  ratio  equation  (2)  in  8.2.2,  may  be 
determined  as  the  quotient  obtained  when 
the  EFL  is  divided  by  the  diameter  of  the 
effective  aperture 

5.1.2.8J  For  the  general  case  in  which  the 
magnification  may  have  any  value,  a  pin¬ 
hole  should  be  moxmted  at  the  axial  point  of 
the  desired  image  plane  and  the  angle  of 
the  cone  of  light  emerging  through  tiie  pin¬ 
hole  from  the  lens  should  be  determined  by 
•measuring  the  diameter  of  a  ri^t  section 
of  the  cone  at  a  suitable  distance  beyond  the 
pinhole.  The  angle  a  can  be  calculated  from 
the  measurements  and  substituted  in  equa¬ 
tion  (2).  If  n  is  the  index  of  refraction  of 
the  medium  in  which  the  angle  o  is  meas¬ 
ured  (n  =  1  for  air,  used  in  the  great  ma¬ 
jority  of  cases),  the  second  member  of  the 

1 

aperture  ratio  is - - 

2n  sin  a 

When  measuring  the  aperture  ratio  by  the 
method  of  this  paragraph,  Ihe  angular  sub- 
tenae  of  the  object  point  at  the  first  nodal 
point  of  the  photographic  objective  must  be 
small  as  compared  with  the  value  of  the 
angle  a  between  the  optical  axis  of  the  ob¬ 
jective  and  the  ejrtreme  ray  proceeding  to 
the  image  point. 

5.1JL9  Effective  aperture. 


5.1.2.9.1  Method  3  —  Mierotoopt  nutk- 
od.'*  A  travelixig  compound  microscope  is 
required  with  means  for  translating  the 
microscope  in  a  direction  at  right  angles  to 
its  optical  axis  through  a  measured  distance 
not  less  than  the  diameter  of  the  maximum 
effective  aperture  to  be  measured.  The  micro¬ 
scope  must  be  of  low  power  (lOX  to  20X) 
provided  with  a  reticle  and  with  a  working 
distance  sufficiently  long  to  permit  the  micro¬ 
scope  to  be  focused  on  the  limiting  opening 
of  the  photographic  objective  through  the 
front  member.  The  photographic  objective,  of 
which  the  effective  aperture  is  to  be  mea»' 
ured,  shall  be  mounted  in  a  convenient  posi¬ 
tion  to  permit  the  traveling  microscope  to 
be  directed  parallel  to  the  optical  axis  of  the 
objective  and  focused  upon  the  edge  of  the 
opening  having  the  smallest  apparent  dia¬ 
meter.  (The  photographic  objective  is  not 
to  be  disassembled.)  This  edge  shall  be 
viewed  through  the  lens  elements  which  are 
normally  traversed  by  image-forming  light 
before  passing  through  the  limiting  open¬ 
ing.  A  microscope  having  a  long  working 
distance  is  required  to  avoid  mechanical  in¬ 
terference  when  looking  through  the  lens 
eluents.  A  microscope  shall  then  be  trav¬ 
ersed  and  measurements  made  to  determine 
the  apparent  diameter  of  this  opening  whidi 
rfiall  be  the  effective  apectur.  In  place  of  a 
traveling  microscope,  a  suitable  contour  pro¬ 
jector  may  be  employed  to  measure  the  ef¬ 
fective  aperture.  If  the  lens  has  s  non^ircu- 
Isr  aperture,  the  measured  diameter  must  be 
suitably  corrected. 

5.1JL9.2  Method  U  —  Potnf  eonree  fnetk- 
od.*’  When  it  is  not  practicable  to  use  a 
microscope  of  snfficieiit  working  distazme  to 
pannit  the  limiting  opening  to  be  observed 
through  the  lens  elements,  a  source  of  light, 
as  small  as  practicable  and  emitting  a  cone 
sufficiently  large  to  fill  the  lens,  may  be 
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placed  at  the  second  principal  focus  and 
directed  toward  the  objective;  the  diameter 
of  the  emergent  beam  should  be  measured 
as  near  the  front  of  the  objective  as  is  prac¬ 
ticable.  This  method  is  subject  to  a  systema¬ 
tic  error,  the  value  obtained  always  being 
too  large,  because  of  the  finite  size  of  the 
source. 

5.1.2.10  T-^iumber  and  transmittance.  The 
equipment  s|>ccified  in  methods  5  and  6  for 
determining  T-stops  and  transmittance  of  a 
lens  represents  workable  apparatus.  How¬ 
ever,  modifications  are  permitted  provided 
that  the  basic  requirements  of  the  method 
and  the  specified  accuracy  are  met  (See 
3.2.6  and  4.I.4.4.) 

5.1JZ.10.1  Method  5  —  Extended  sovrce 
method.^*  This  method  of  lens  calibration  is 
based  on  filling  the  lens  with  light  from  an 
extended  uniform  source  of  adeqxzate  size  and 
placing  in  the  plane  of  best  definition  of  the 
lens  a  metal  plate  with  a  hole,  the  diameter 
of  which  shall  not  exceed  3  millimeters  (or 
1.5  millimeters  for  8-millimeter  film),  at  its 
center.  The  light  flux  passing  through  the 
hole  shall  be  measured  by  a  photocell  ar¬ 
rangement.  This  flux  shall  then  be  compared 
with  the  flux  passing  through  a  hole  of  the 
same  dimensions  from  an  open  circular  aper¬ 
ture  of  such  a  size  and  at  such  a  distance 
from  the  plate  that  it  subtends  the  desired 
angle  a  so  that  sin  a  =  T, 
where  T  is  the  T-number  to  be 
measured.  The  greatest  care  is  necessary 
to  insure  that  the  extended  source  is  uni¬ 
form.  In  practice,  the  photocell  reading  for 
each  whole  T-number  is  first  determined  for 
a  series  of  open  apertures  at  a  fixed  distance 
from  the  plate.  1116  lens  is  then  substituted 
for  the  open  aperture  with  the  3-miIlimeter 
hole  accurately  in  its  focal  plane  and  the 
iris  of  the  lens  closed  down  until  tiic  ]^oto- 
cell  meter  reading  produced  by  the  lens  is 
equal  to  each  of  the  successive  open  hole 
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1  eadings.  The  full  T-stop  positions  are  then 
marked  on  the  diaphragm  ring  of  the  lens. 
The  intermediate  thirds  of  stops  may  be 
found  with  sufficient  accuracy  by  inserting 
a  neutral  density  filter  of  0.1  and  0.2  behind 
each  open  aperture  in  turn  and  noting  the 
corresponding  photocell  readings  or  by  di¬ 
viding  the  travel  of  the  diaphragm  control 
into  three  equal  parts.  The  extended  source 
should  be  uniformly  bright  over  its  useful 
ares  to  within  *3  percent  (This  could  be 
tested  with  a  suitable  telephotometcr,  or  a 
small  hole  in  an  opaque  screen  could  be 
moved  around  in  front  of  the  source  and 
any  consequent  variations  in  photocell  read¬ 
ing  noted.)  The  source  may  be  a  sheet  of 
ground  glass  covering  a  hole  in  a  whitelined 
box  containing  several  lamps  mounted  around 
the  hole  and  shielded  so  ttat  no  direct  light 
from  the  lamps  falls  on  the  ground  glass 
itself.  The  photocell  receiver  may  be  of  the 
phototube  type  with  a  simple  d-c  amplifier. 
Care  must  be  taken  to  insure  that  photo¬ 
tube  sensitivity  does  not  change  between 
marking  readings  on  the  op«i  aperture  and 
on  the  lens  itself.  To  guard  against  this,  some 
turret  arrangement  is  desirable,  with  the 
lens  on  one  side  and  the  open  aperture  on  the 
other,  so  that  the  two  may  be  interchanged 
and  compared  quicldy  with  each  other  by 
turning  the  turret  Transmittance  of  a  lens 
shall  be  measured  at  the  maximum  relative 
aperture  in  a  direction  parallel  to  the  optical 
axis  of  the  lens.  Transmittance  is  equal  to 
C/R  where  C  is  the  calibrated  photocell  read¬ 
ing  with  the  lens  in  place,  and  R  is  a  similar 
reading  when  a  clear  circular  aperture  is  in 
place,  subtending  an  angle  a  at  the  hole  in 
the  front  of  the  photocell  so  that  sin  a  *= 
*/^N,  where  N  is  the  second  term  in  the  aper¬ 
ture  ratio  of  the  lens  to  be  tested.  (See  3.2^2.) 
The  value  of  N  must  be  the  true  value,  which 
may  differ  -^rom  that  indicated  on  the  bar¬ 
rel. 

5.1.2.10.2  Method  P  —  ColUmator  meth¬ 
od.^*  In  this  motht>d,  light  from  a  small 
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source  (a  5-miliimeter  hole  covered  with 
opal  fflaas  and  strongly  illominated  from  be> 
hind)  shall  be  collimated  by  a  simple  lens, 
or  an  achromat  if  preferred,  of  a  focal  length 
at  least  three  times  the  EFX«  of  the  lens  be¬ 
ing  tested  and  of  suffident  aperture  to  fill  the 
lens  being  calibrated.  This  gives  a  colli¬ 
mated  beam  whidi  will  be  focused  by  the 

test  lens  to  form  a  small  circle  of  lisht  in  its 
focal  plane.  This  circle  of  light  will  be  less 
f-haT»  the  prescribed  limit  of  8  millimeters 
diameter.  Uniformity  of  the  collimated  beam 
ran  be  checVed  by  moving  a  small  hole  in 
an  opaque  screen  across  the  beam,  and  not* 
ing  any  variations  in  tiie  x)hotocell  reading. 
For  the  comparison  nnit,  an  open  aperture 
Anil  be  used,  of  diameter  equal  to  the  focal 

lengtii  of  the  lens  divided  by  the  desired  T- 
xtumber.  This  aperture  shall  first  be  mount¬ 
ed  in  front  of  an  integrating  sphere  of  ade¬ 
quate  size  with  the  usual  photocell  detector 
and  the  light  from  the  collimator  allowed 
to  enter  the  aperture.  The  aperture  plate 
then  be  rej^eed  by  the  lens,  the  iris 
diaphragm  closed  down  to  give  the  same 
photocell  reading,  and  the  T-number  en¬ 
graved  on  ttie  iris  ring.  The  intermediate 
thirds  of  stops  can  be  found  by  using  0.1  or 
0.2  denai^  filters,  or  by  dividing  th«-  travel 
of  the  diaphragm  control  into  three  equal 
parts.  To  guard  against  “drift”  or  iine^volt- 
age  variations  which  might  occur  between 
readings  of  the  c*>inparison  aperture  and  the 
lens,  tt  is  convenient  to  leave  ttte  known 
standard  aperture  in  place  in  front  of  the 
sphere,  and  to  insert  ihe  lens  into  the  beam 
in  such  a  position  that  the  small  image  of 
the  source  falls  wholly  within  the  standard 
apartore.  The  meter  reading  should  then  re- 
TAs-in  the  w?th  the  lens  in  or  out  of  the 
beam.  A  second  plate  with  a  8-mi!!imeter 
aperture  should  be  placed  over  the  compari¬ 
son  apei^re  wiiile  Uie  lens  is  in  place  to 
stop  any  stray  l^t  which  may  be  refiaoUd 
from  the  interior  of  the  lens.  It  should  be 
noted  particularly  that  if  this  method  is 
<^®d,  the  focal  lengitii  of  the  lens  must  be 


measured  separately  and  a  suitable  set  of 
open  apertures  constmcted  for  use  with  it. 
However,  by  suitable  devices,  one  single  set 
of  fixed  sperfcures  may  be  used  for  all  lenses. 
Transmittance  of  a  lens  sb&ll  be  measured  at 
the  TnftTimnm  relative  aperture  in  a  direc¬ 
tion  parallel  to  the  optical  axis  of  the  lens. 
Transmittance  is  equal  to  C/E  where  C  is 
the  calibrated  photocell  reading  with  the 
loAg  in  place,  aiid  E  is  a  similar  reading  when 
a  clear  diaphragm  (equal  to  the  lens  effective 
aperture)  is  in  place. 

5.1.2,11  Relative  iHuminaiion. 

5  ,1-2,11.1  Method  7  —  Extended  eovree 
method.  This  method  ot  measuring  relative 
illumination  makes  use  of  the  same  appara- 
tns  and  techniques  specified  in  method  6. 
With  the  lens  to  be  measured  set  up  In  the 
apperarttts,  the  photocell  shall  be  displaced 
laterally  to  the  position  corresponding  to  the 
required  aikgular  positions,  and  the  corres¬ 
ponding  percentage  of  axial  illuminance  for 
position  is  found  from  a  calibratios 
curve  of  ihe  photocell  meter. 

SAJUllJi  Method  S  —  CoUimaior  method. 
Ihis  method  of  measuring  relative  illumina¬ 
tion  makes  use  of  the  same  apparatus  and 
techniques  specified  in  method  6.  With  the 
lens  to  be  measured  set  up  in  the  apparatus, 
the  lens  shall  be  rotated  through  the  desired 
field  angles  B  and  the  photocell  readings 
compared  with  the  readings  for  tiie  lens  on 
axis.  The  percentage,  of  light  flux  transmit¬ 
ted  ear  then  he  read  off  a  calibration  curve 
for  the  photocell  system  and  converted  to 
desired  percentage  illuminance  by  dividing 
by  cos*  /5. 

5.1JL11.S  Method  S  —  Densitometrie  metK- 
od.  This  method  of  measuring  relative  illu¬ 
mination  makes  use  of  the  same  apparatiis 
and  techniques  as  specified  in  methods  5  and 
6,  except  that  a  photographic  plate  if  substi¬ 
tuted  for  the  photocell  when  the  extended 
source  is  used,  and  for  the  integrating  sphere 
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when  n  collimator  ia  used.  In  the  latter  case, 
the  imase  produced  by  the  lens  should  ^  be 
in  sharp  focus  on  the  onulsion  plane.  The 
exposures  are  made  on  the  axis  and  at  titie 
required  angular  positions  off  axis.  The  ex¬ 
posure  times  shall  be  the  same  at  all  the 
positions.  The  densities  of  the  exposed  and 
developed  images  shall  be  measured  and  the 
relative  illuminance  determined  using  the 
sensitometric  curve  of  the  emulsion,  obtain¬ 
ed  by  exposing  a  calibrated  step-wedge. 

5.1X11.4  Method  10  —  Indirect  amjmia- 
tion  method.  The  indirect  computation  of  il¬ 
luminance  distribution  from  dimensions  of 
the  Iaww  are  outlined  in  this  section.  The 
method  in  tiiis  case  is  for  a  lens  while  in  the 
stages,  or  in  determining  tiie  illumi¬ 
nance  distribution  of  an  actual  lens  when  no 
convenimit  photometric  equipment  is  avail¬ 
able. 

5.1X1L4J  DistortionUn  Un$  with  object 
at  infmity.  The  case  where  the  object  is  at 
infinity  is  applicable  to  most  photographic 
objectives  •encountered  in  aerial  and  ground 
idiotography.  The  field  angle  of  such  a  lens 
is  alwa3rs  ^pressed  by  the  obliquity  angle 
in  the  «*ject  space.  The  desired  relative 
illumination  is  given  by: 

R  s  _  =  —  eoe*4 

'srhere  E  is  the  illuminance  at  the  point  in 
the  image  which  corresponds  to  the  obliquity 
angle  ^  in  the  object  space,  and  E^  is  the 
illuminance  at  the  center  of  the  field.  and 
S«  are,  respectively,  the  beam  .section  areas 
of  the  oblique  and  axial  beams  at  the  chosen 
reference  plane  in  the  object  space.  The  area 
will  in  general  be  smaller  than  S»  due  to 
vignetting,  but  in  some  unsual  lenses.  S<^ 
may  be  MMnewhat  graatar  than 

5.1JL.11.4.2  Dietortionieee  len$  with  finite 
object  diatance.  The  relative  illumination  “R 
can  be  oomputed  either  tn  the  object  space 


or  in  the  image  apace  depending  on  which 
is  more  convenient.  The  illuminance  at  angle 
^  is  given  by  the  integral: 

Ee  =  K/co8*edS  =  KVcos«e'  dS'  (18) 

where  K  and  K'  are  constants  independent 
of  obliquity.  llJe  integrals  are  to  be  taken 
over  the  respective  beam  sections.  The  in¬ 
tegrals  arc  necessary  because  f  and  vary 
from  point  to  point  over  the  beam  sections. 
If  the  aperture  is  sonall,  the  integral  becomes 
unnecessary  and  then: 

Ee  =  KS#  cos*e  =  K'SV  cosV  (W) 

The  relative  illumination  is  then  found  by 
evaluating  £>  and  £o  for  an  oblique  and 
axial  beam  and  *^^^**g  Ihe  ratio  R  =  Ee/E«*. 

S.lXll.4.3  Diatortino  lens  with  object  at 
infinity.  This  differs  from  ffie  previous  case 
because  the  distortion  will  have  a  consider¬ 
able  effect  on  the  distribution  of  illuminance 
expressed  as  a  function  of  the  entering  obli¬ 
quity  angle  e.  In  this  case  the  relative  il¬ 
lumination  becomes: 

Ee  f»  sin  ♦  cos  ♦ 

R  =  -  - - 

E,  S,  h'  (dhO 


(d*) 

(20) 

Se  and  S«  are  the  areas  of  the  beam  sections 
for  the  oblique  and  aiia)  hfiain.s  at  the  chosen 
reference  plane  in  the  object  space;  ♦  is  the 
obliquity  angle  in  the  object  space,  f  is  the 
focal  length  of  the  lens  and  h'  is  the  image 
height.  By  measurements  or  computations 
on  the  lens,  s  relation  can  be  established 
connecting  h'  with  ♦.  from  which  the  value 
of  the  derivative  dhVd#  can  be  found  at  any 
desired  point  in  the  field.  For  a  distortion- 
ieu  lens,  h'  =  f  tan  #:  in  that  sp«5a!  case 
♦equation.  (20)  simplifies  to  equation  (17). 

.5.1.2.11.4-4  Duftorting  lens  with  ^nite  ob- 
jpct  diatance.  The  image  space  equations  (IB) 
or  (19)  hoH  independent  of  the  distortion  of 
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the  iens.  If  it  ie  desired  to  use  the  data  of 
the  object  space,  equation  (18)  becomes: 


Ee  =  K 


h 

/COB*  ♦  dS 

(21) 

(dh) 


where  K  is  a  constant  different  from  that 
used  in  equation  (18) ,  h  is  the  object  heigrht, 
and  h'  the  heiidit  of  the  ima^e  of  that  ob¬ 
ject.  The  derivative  dh'/dh  must  be  found  by 
determining  an  algebraic  relationship  be¬ 
tween  h  and  h'.  If  the  aperture  is  sufficient¬ 
ly  small,  ♦  will  not  vary  greatly  over  the 
beam  section  and  the  equation  may  be  re¬ 
duced  to  the  approxintate  form. 

h 

Ee  =  K  - - —  Se  cos*e 

h'  (dh') 


(dh)  (22) 

Monoeentric  lena.  In  the  case 
of  a  lens  having  a  common  center  of  curva¬ 
ture  to  all  the  surfaces  and  a  concentric 
image  surface,  the  relative  illumination  corx- 
tains  only  one  cosine,  namely : 

Ee  Se 

R  =  -  =  -  cos^  (23) 

E„  S„ 

5,1,2.12  Resolving  power.  When  specifying 
or  measuring  resolving  power,  care  shoiOd 
be  taken  to  consider  the  following  pertinent 
factors:  methods  of  tests,  contrast  of  tar¬ 
get  used,  kind  of  and  processing  of  photo¬ 
sensitive  emulsion,  whether  filter  is  to  be 
used,  and  magnification  at  which  resolving 
power  target  images  are  read.  For  reading 
resolution,  a  magr.mcation  of  th^  lowe.'ft 
power  which  permit*  convenient  \  iewing  will 
yield  the  highest  resolution  readirga.  (The 
rule  based  on  Selwyn’s  experiments  ”  that 

•  C.  W.  H.  Sa4«rytt  National  Buraati  of  Auiny4arria  CS?4,  jjo 
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the  numerical  value  of  the  magnification 
should  equal  the  number  of  lines  per  milli- 
meter  expected  to  be  resolved  can  be  con¬ 
sidered  a  rule  of  thumb.) 

5.1.2.12.1  Photographic  resolving  power. 
When  conducting  photographic  resolving 
power  tests  by  methods  11  and  12,  the  photo¬ 
sensitive  material  and  processing  should  be 
in  accordance  with  table  II. 

5.1.2.12.1.1  Method  IJ  —  CoUimator  meth¬ 
od,*^  For  lenses  primarily  intended  for  use 
on  distant  objects,  such  as  types  I,  II,  III, 
and  V,  tiiis  method  should  be  used.  The  re¬ 
solving  power  target  is  placed  at  the  prin¬ 
cipal  focus  of  a  collimator  and  Olominated 
with  white  light.  A  filter  of  a  specified  color 
may  be  used  and  it  shall  be  placed  between 
the  light  source  and  the  target.  It  ia  recom¬ 
mended  that,  in  order  to  eliminate  vibration 
effects,  a  flash  discharge  lamp  be  used  as  tite 
light  source  and  that  the  light  from  it  be 
filtered  if  necessary  to  approximate  white 

(See  5.I.I.4.)  Exposure  can  be  con¬ 
trolled  by  means  of  neutral  density  filters 
between  the  lijht  source  and  the  target  The 
lens  to  be  tested  shall  be  placed  in  tiie  colli¬ 
mated  beam  from  the  target  and  a  test  plate 
or  film  made  in  a  series  of  focal  settings  ss 
described  in  5.I.2.I.  Unless  otherwise  spe¬ 
cified.  the  lens  shall  be  set  at  the  specified 
maximum  relative  aperture.  With  the  test 
plate  perpendicular  to  the  optical  axis  of  the 
lens,  exposure  shall  be  made  of  the  tost  tar¬ 
get  at  the  specified  angular  distance  from 
the  axis  out  to  and  mcluding  the  multiple 
of  the  specified  angle  falling  nearest  the 
comer  of  the  plate  inside  the  picture  format. 
The  specified  ar.gie  should  be  multiples  of 
degrees  and  should  be  spaced  to  orovide 
5  increments  or  more  in  the  semi-fieid  of  the 
lens.  The  exposure  time  shall  be  the  saTn? 
for  all  anrular  settings  ^nd  shall  be  the 

•*  In  wwBhiM  \\.  if  tKa  roaoMny  If  hr  T*- 

iioinit  fnMt  tlnif  pvt  m\f\%meim  <ii  tha  IahmL  XTL  «rf  tkm 
CY»IUaaAtar,  mmd  CTl ,  Um  toft  itwA,  %hm  nmUrn  fbovU  m 

Vy  nroKJpiT^.g  rmdUr.I  lirtwa  \rr  t>ia  r-ialnc  cJ  tbf  anglt 

am)  UttfvntUiI  IlMi  hf  the  coo*  of  tk# 


n 


MIL-STD-150A 

12  May  1959 


Table  n 


Ltnt  trpt 

PboiowiiAiUv* 

ASA 

MtMial 

ExpcMurv 

I 

(70-mm.  format 

Panchromatic  aerial 

10 

2.0  ±  0.10 

&  smaller) 

(&-inch  format 

Sl  larger) 

Panchromatic  aerial 

80 

1.5  ±  0.10 

II 

(70-mm.  format 

Panchromatic  aerial 

10 

2.0  0.10 

&  smaller) 

5-inch  format 

Panchromatic  aerial 

80 

1.5  ±  0.10 

&  larger) 

III 

Panchromati  aerial 

SO 

0.8  ±  0.10 

IV 

Panchromatic  microfilm 

Maximum  contrast 

V 

Panchronutic  (motion  picture) 

50-80 

0.6  ±  0.10 

IX 

Panchromatic  (portrait) 

100 

0.6  ±  0.10 

XU 

Panchromatic  microfiilm 

Maximum  contrast 

XIII 

Panchromatic  microfilm 

... 

Maximum  contrast 

XIV 

Blue  sez&sitire  rocording 

. . . 

1.5  ±  0.10 

exposure  time  which  gives  the  highest  re¬ 
solving  power  at  the  angular  setting  nearest 
the  angle  equal  to  one-half  the  half  angle 
of  view.  The  different  angular  settings  may 
be  obtained  by  moving  the  lens  and  test  plate 
about  an  axis  near  the  entrance  pupil  or  by 
moving  the  collimators,  or  by  means  of  a 
series  of  collimators  placed  in  the  correct 
angular  positions.  The  lens  may  be  tested 
with  or  without  the  filter  provided  with  it, 
as  required. 

5.1.2.12.1.2  Method  IS  —  Target  range 
method.  For  lenses  primarily  intended  for 
use  at  finite  distances,  surii  as  types  IV,  XII, 
and  XIII,  this  method  should  be  used.  Also, 
it  may  be  used,  when  specified,  for  testing 
other  types  of  lenses.  Properly  illuminated 
high  contrast  resolving  power  targets  shall 
be  placed  in  the  object  space  in  a  plane  per¬ 
pendicular  to  the  optical  axis  of  the  lens  to 
be  tested  and  spaced  at  the  required  angular 
distances.  The  distance  from  the  lens  to  the 
plane  of  the  targets  shall  be  designated. 
When  this  method  is  used  for  testing  lenses 
at  infinity  focus,  either  formula  (12)  in 
5. 1.1.3  may  be  used  to  determine  the  proper 
distance,  or  some  designated  distance  may 
be  used.  The  test  plate  shall  be  adjusted  per- 


I)endicular  to  the  optical  axis  of  the  lens  and 
exposed  for  maximum  resolution  at  the  tar¬ 
get  nearest  the  angle  equal  to  one-half  the 
half  angle  of  view  of  the  lens  being  tested 
and  shall  be  moved  in  a  series  cf  focal  set¬ 
tings  as  described  in  5.I.2.I.  The  sensitized 
material,  processing,  etc.,  shall  be  in  accord¬ 
ance  with  table  11. 

5.1.2.12.2  Method  IS  —  Visual  resolving 
power.  When  visual  resolving  power  meas¬ 
urements  are  required  (such  as  type  X 
lenses),  they  will  be  made  exactly  like  the 
photographic  resolving  power  tests,  except 
that  the  aerial  image,  when  it  is  real  and 
easily  available,  will  be  observed  visually 
tmder  magnification.  Method  11  or  12  in 
6.1:2.12.1  will  be  used  as  specified,  depend¬ 
ing  on  the  use  of  the  lens.  When  the  image 
formed  by  a  viewfinder  (tjTe  X  lens)  is  a 
virtual  image,  a  telescope  stopped  down  to 
5  millimeters  and  placed  at  the  eye  position 
will  be  used  to  observe  the  image.  In  this 
case  the  resolution  shall  be  determined  in 
tern  s  nf  r  specified  test  chart  at  a  spe¬ 
cified  distance.  In  all  cases  where  the  image 
is  formed  on  a  gi  ound  glass,  the  ground  glass 
shall  he  removed  tn  nb,<;prv»e  the  aerial  image, 
and  the  image  shall  be  observed  on  a  plane. 
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512.12.3  Method  Ji  —  Projected  photo- 
graphic  reeolving  power.  This  test  is  intend¬ 
ed  to  be  used  primsrib'  for  enlargi&g  lenses 
(type  VI).  A  target  plate  of  the  required 
size  containing  resolving  power  targets 
(light  lines  on  a  dark  background)  and  of 
the  required  range,  and  located  as  shown  in 
Figure  8,  with  one  set  of  the  lines  in  tangen¬ 
tial  and  the  other  set  in  radial  direction,  shall 
be  placed  in  the  object  plane  (film  plane)  of 
the  lens  to  be  tested.  The  targets  shall  be  of 
high  contrast.  The  target  plate  shall  be  evil¬ 
ly  iUominated  by  light  from  a  condensing 
source.  If  required,  the  light  shall  be  filtered 
to  fte  color  required  by  placing  a  filter  be¬ 
tween  the  light  twurce  and  the  target  plate. 
With  the  optical  axis  of  the  lens  pcrpendioo- 
lar  to  the  target  plate,  the  lens  shall  be  fo¬ 
cused  at  the  designated  magnification  and 
aperture,  and  an  exposure  made  on  the 
designated  photosensitive  material.  The 
photosenaitive  material  shall  be  held  fiat  in 
a  plane  perpendicular  to  the  optical  axis  of 
the  lens.  The  correct  exposure  shall  be  that 
which  gives  the  maximum  resolution  at  posi¬ 
tion  B  of  ]?1gurc  8.  The  test  plate  is  pro¬ 
cessed  in  the  required  manner.  The  resolving 
power  shall  be  read  by  observing  the  dry 
test  plate  under  suitable  magnification.  The 
figures  referred  to  in  measuring  resolving 
power  by  this  method  are  the  lines  per 
nuUimeter  on  the  target  plate.  It  is  recom¬ 
mended  enlarging  lenses  be  tested  at  a 
magnification  of  1 :2  using  medium  contrast 
gioBsy  chlorobromide  paper  processed 
minutes  in  D72  developer,  <  diluted  1:2  at 
«»F. 

S.12.12.4  Method  IS  —  Projected  vinuJ 
reButxnitg  power.**  This  test  is  intended  to  be 
used  primarily  for  projection  lenses  (type 
Vii) .  A  test  object  of  the  required  size  con¬ 
taining  high  contrast  resolving  power  targets 
(dark  lines  on  light  background)  of  the  re¬ 
quired  range  and  placed  as  shown  in  Figure 

*  kmmhmm  1MW  tor  PmiTnabttar  Umairimw 
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under  test  upon  a  matte,  white,  gratnlesb 
screoi.  This  screen  shall  be  located  at  such  a 
8  shall  be  projected  by  means  of  the  lens 
distance  from  the  projector  that  unless  other¬ 
wise  specified  the  long  dimension  of  the  pro¬ 
jected  image  will  be  at  least  40  inchf*s  fn 
order  that  the  observer  will  have  no  difiBcult}' 
in  distinguishing  the  number  of  lines  resolv¬ 
ed.  The  resolving  power  of  the  lens  at  any 
point  in  &e  field  is  the  largest  number  of 
lines  per  millimeter  in  the  test  object  that  an 
observer,  close  tc  the  scri.^'n.  sees  definitely 
resolved  (easily  counted )  ir.  both  racial  and 
fjT»gt.TiKai  directiens  in  the  projected  image. 
Ca.re  shall  be  taker,  to  insure  that  the  screen 
is  perpendicular  ic  the  optical  axis  af  tiie 
projection  lens,  and  that  the  lens  is  focueed 
so  that  tile  image  at  the  center  of  the  test 
plate  has  maximum  contrast.  The  projector 
used  in  tiiis  test  may  be  a  regular  produc¬ 
tion  model  or  a  special  test  projector.  The 
glass  test  object  shall  be  fiat  and  held  con¬ 
centric  with  and  normal  to  the  optical  axis 
of  the  projeetioQ  lens.  The  cone  of  light  from 
the  projection  lamp  uhrou^  a  condensing 
systan  shall  completely  fill  the  entrance  pupil 
of  the  projeotion  lens.  The  test  object  siuili 
be  uniformly  illuminated. 

5.12.13  Astiprruiftrm  and  curvature  of 
field. 

S.1.2.13.1  Method  IS  —  PeBoUnv.g  power 
target  method.  By  meaca  o'  any  of  the  meth¬ 
ods  for  measuriiu;  rorolvlng  power  spedfiod 
in  methods  11  through  16.  resclring  power 
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shall  be  determined  for  different  positions 
of  the  lest  plate  in  the  image  space.  The  test 
plate  or  plates  are  exposed  in  small  steps,  at 
different  distances  along  the  optical  axis  of 
the  lens.  The  length  of  each  step  depends 
upon  the  corrections,  focal  length,  and  aper¬ 
ture  of  the  lens  being  tested.  A  sufficiently 
large  number  of  steps  shall  be  taken  to  in¬ 
sure  at  least  three  steps  on  each  side  of  the 
best  focus  position  for  both  radial  and  tan¬ 
gential  lines  at  any  angular  position.  Upon 
reading  the  targets,  the  position  of  best  focus 
shall  be  determined  (for  radial  and  tangen¬ 
tial  lines  separately)  at  which  the  resolution 
i*  a  maximum  at  each  angular  setting.  These 
focus  positions  are  plotted  against  angular 
settings,  and  two  curves  representing  the 
two  image  surfaces  are  obtained.  The  curve 
representing  cur\’ature  of  field  is  a  median 
drawn  between  the  two  curves  representing 
the  image  surfaces.  (See  3.6.3.)  The  astig¬ 
matic  difference  is  obtained  by  taking  the 
difference  in  the  focal  setting  at  a  specific 
angle  for  the  two  image  surfaces. 

5.1.2.13.2  Method  17  —  Nodal  itlide  method. 
This  method  may  be  used  in  lieu  of  metitod 
16.  In  this  method  the  lens  to  be  tested  shall 
be  set  up  in  front  of  a  suitable  collimator 
equipped  with  a  target  containing  vertical 
and  horitontal  lines  and  centered  so  that  the 
optical  axis  is  parallel  to  the  collimator  axis 
and  coincident  with  the  axis  of  the  observing 
microscope.  The  lens  shall  be  moved  along 
the  microscope  axis  until  the  axis  of  rota¬ 
tion  of  the  nodal  slide  intersects  the  rear 
node.  The  mieroseope  shall  be  focused  on  the 
axial  image  and  the  position  of  the  micro¬ 
scope  noted.  The  lens  shah  then  be  rotated 
about  the  axis  through  the  rear  node  and 
perpendicular  to  the  optical  axis  of  the  lens. 
At  multiples  of  angular  positions  of  IVi 
degrees  out  to  the  edge  of  the  field,  the 
microscope  shall  be  seoaratelv  focused  on  the 
radicJ  and  tangential  lines.  The  focal  change 
from  the  axis  position  shall  be  noted  at  the 
anmtar  field  positions  for  the  radial  and 
tanfnitial  lines.  To  obtain  curves  such  ss 


specified  in  method  16,  the  factor  f(l- 
cos  p) /cos  p  is  subtracted  from  the  micro¬ 
scope  settings,  and  this  difference  is  multi¬ 
plied  by  the  cos  p.  If  a  fist  field  bar  is  used 
at  the  microscope  it  is  not  necessary  to  sub¬ 
tract  the  factor  f  ( l<os  p)  /cos  p.  When 
curves  are  obtained,  the  procedure  for  deter¬ 
mining  the  curvature  of  field  is  the  same  as 
that  in  method  16. 

5.1.2.14  Color  correction.  When  the  image 
quality  is  found  satisfactory  on  the  basis  of 
other  applicable  tests,  the  color  correction 
can  also  be  considered  as  satisfactory.  Direct 
measurements  of  color  corrections  may  be 
needed  when  some  special  color  requirements 
are  to  be  met  These  measurements  may  be 
specified  in  terms  of  minimum  resolving 
power  or  limits  on  individual  color  correc¬ 
tions. 

5.1.2.14.1  Longitudinal  chromatic  aberra¬ 
tion. 

5.L.2.14.1.1  Method  18  —  Photographic 
method.  Photographic  resolving  power  meas- 
urmenents  shall  be  made  as  specified  in 
method  11  or  12.  utiliting  light  of  the  colors 
designated,  repeating  the  test  for  each  color. 
The  light  used  may  be  supplied  by  a  mono¬ 
chromator  or  it  ma>’  be  filtered  white  light, 
as  specified.  The  focus  positions  at  which 
the  maximum  resolving  power  (A WAR  un¬ 
less  otherwise  specified)  is  obtained  shall  be 
determined  for  each  color.  The  longitudinal 
color  aberration  for  a  particular  color  is  the 
difference  in  focal  setting  for -this  color  and 
white  light,  or  for  this  color  and  a  specified 
color.  When  the  focal  setting  for  the  first 
color  is  greater  than  the  focal  setting  for  the 
reference  color  or  w-hlte  light,  the  longitu¬ 
dinal  chromatic  aberration  is  said  to  be 
posi  ive.  Generally,  the  reference  color 
■shoL  d  be  towards  the  red  end  of  the  spec 
tral  range  under  con.sideration. 

5.1.2.14.1.2  Method  19  —  Nodal  tlide  meth¬ 
od.  When  apeclfled,  a  nodil  slide  optical 
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bench  may  be  used  instead  of  a  test  camera 
as  in  method  18. 

5.1JL1AJ2  Laleral  ehroniatic  aberration. 

5.1.2.14.2.1  Method  20  —  Photographic 
method.  Photographic  measurements  shall 
be  made  in  the  plane  of  best  average  defini¬ 
tion  for  white  light  or  a  specified  reference 
color.  The  image  sizes  •/»,  Ys,  etc.  are  meas¬ 
ured,  as  specified  in  method  1,  for  different 
colors.  The  lateral  color  aberration  at  a  par¬ 
ticular  angle  is  the  difference  between  Y  for 
the  particular  color  and  /  for  the  white 
light  or  the  specified  reference  color. 

5.1.2.14J2.2  Method  21  —  Nodal  elide  meth¬ 
od.  When  specified,  a  nodal  slide  optical 
bench  notay  be  used  instead  of  a  test  camera 
in  method  20.  Lateral  chromatic  aberration 
shall  be  measured  by  moving  the  optical 
bench  microscope  along  a  scale  perpendicu¬ 
lar  to  the  axis  of  the  optical  bench,  first 
sighting  the  microscope  on  the  image  formed 
by  using  white  litdit,  or  light  of  the  second 
specified  color.  When  setting  the  microscope 
for  measurements  at  each  angle  fi.  the  micro¬ 
scope  shall  be  displaced  along  its  horizontal 
axis  by  the  distance  f  (1-cos  ^)/cos  fi  away 
from  the  lens.  This  refocusing  is  not  neces¬ 
sary  if  a  flat  field  bar  is  used.  This  setting  of 
the  microscope  is  maintained  at  each  angle 
for  all  the  colors.  The  distance  through  which 
the  microscope  is.  moved  laterally,  divided  by 
the  cosine  of  the  angle  at  which  the  measure¬ 
ment  is  made,  is  the  lateral  chromatic  aber- 
ratkm. 

5.1.2.15  Magnifiaation. 

5.1.2.15.1  Paraxial  magnification. 

5.1.2.15.1.1  Method  22  —  Photographic 
method.  The  PM  ghill  be  tneasured  hy  plac¬ 
ing  a  photographic  plate  in  the  image  plane 
conjugate  with  the  object  plane  at  the  spe¬ 


cified  finite  distance  from  the  lens.  Within 
the  intended  field  of  coverage  in  the  object 
plane,  a  series  of  reticles  is  placed  at  ac¬ 
curately  determined  distances  y'„  Yi>  etc., 
from  a  reticle  at  the  axial  object  point.  (The 
exact  location  of  this  point  is  not  needed, 
and  any  point  in  the  vicinity  of  the  inter¬ 
section  'of  the  lens  axis  with  the  object  plane 
may  serve  as  reference  for  measuring  dis¬ 
tances  y.)  A  photograph  is  taken  of  the  ar¬ 
ray  of  the  reticles.  On  the  resulting  negative, 
measurements  shall  be  made  of  the  corres¬ 
ponding  distances  /„  etc.,  from  the 
image  of  the  axial  reticle  to  the  other  re¬ 
ticles,  and  the  quotients  Y^/Yu  Yi/yt> 
are  formed.  The  limiting  value  of  these  quo 
tients  as  y  approaches  zero  is  the  PM.  For  a 
photographic  lens  free  from  distortion,  the 
quotient  is  invariant  with  respect  to  the  value 
of  -y.  For  many  photogrraphic  purposes  the 
distortion  is  negligible  for  points  distant 
from  the  center  of  the  useful  field  not  more 
than  one-fifth  of  its  radius,  and  consequent¬ 
ly  it  will  be  very  often  possible  to  obtain  a 
sufficiently  accurate  value  of  the  PM  by  a 
single  determination  of  y  and  Y  *  point 
lying  near  the  axis. 

5.1.2.15.1.2  Method  23  —  Visual  method. 
This  method  is  similar  to  method  22  except 
that  the  distances  Y  to  the  aerial  images  of 
the  reticles  are  meayired  directly  in  the 
image  plane  by  means  of  a  suitable  measur¬ 
ing  device.  The  detailed  specification  shall 
state  the  method  used  for  determining  the 
plane  in  which  the  measurements  are  to  be 
made. 

5.1.2.15.2  Method  21  —  Calibrated  magni- 
fieaiion.  To  compute  the  calibrated  magnifi¬ 
cation,  let  Yi’  Ytt  ate.,  represent  the  dis¬ 
tances,  in  the  apecified  image  plane,  from 
the  axial  image  point  to  the  images  of  the 
object  points  lying  in  tite  object  plane  at 
the  distances  /„  etc.,  from  the  axial 
object  point  If  m  ia  the  paraxial  znagniflea- 
tion.  then  in  the  absence  of  distortion 
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/,  =  myi,  y,  =  m/,.  -  .  .  =  my. 

(24) 

In  the  presence  of  distortion, 

y,  s=  my,  +  A/,,  =  my,  +  A/,  .  .  . 

y,  =  my.  +  Ay,  (25) 

The  added  terms  are  the  values  of  the  linear 
distortion  for  the  image  distances  y„  •/», 
etc.,  resi>ectively.  The  values  of  y  Mid  y  are 
measored  directly.  It  is  evident  that  the  in¬ 
dividual  values  of  distortion  defined  in  the 
preceding  equations  can  be  changed  by  as¬ 
signing  to  m  a  value  different  from  that 
given  by  the  paraxial  magnification.  After 
the  paraxial  magnification  and  the  corres¬ 
ponding  values  of  distortion  have  been  de¬ 
termined,  an  adjusted  value  is  used  for  the 
magnification  to  distribute  the  distortion  in 
a  manner  best  suited  for  the  intended  ap¬ 
plication.  This  adjusted  value  represMits  tiie 
calibrated  magnification,  or  CM. 

5X2.16  Digtcrtion.  All  the  following  meth¬ 
ods  are  capable  of  measuring  distortion  in 
the  plane  of  best  d^lnition  with  accuracy, 
though  care  should  be  taken  to  correlate  the 
results  obtained  by  methods  28  and  29  with 
those  obtained  photographicaDy.  Accurate 
determinations  of  the  distortion  at  finite 
m^nifieations  should  be  made  by  method 
25  or  method  80,  depMiding  upon  the  ap¬ 
plication.  Where  significant,  systematic  er¬ 
rors  in  the  test  equipment  shall  be  reduced 
by  making  a  duplicate  aeries  of  measure- 
monts  for  each  test  diameter  with  the  leas 
rotated  180  degrees  about  its  optical  axis. 

5X2.16J  MtUwd  tS  —  Tairget  rttsige 
method.  This  method  is  intended  primarily 
for  use  on  lenees  monnte^^  in  catnens  or 
eones.  Targets  riiall  be  set  up  in  the  object 
speee  m  a  pteae  perpeadiealar  to  the  tqitical 
axis  of  the  lens  to  be  tested  and,  for  esreeras 
focused  for  infinity,  at  a  distance  greater 
D  defcenhined  by  formdla  (12)  In 
5.1X8.  The  targeta  ehould  be  placed  approxi¬ 
mately  every  2Vi  degreee  aeroee  the  entire 


field  of  the  lens.  The  angular  separation  of 
the  targets  ahall  be  determined  to  an  ac¬ 
curacy  of  ±2  seconds  of  arc  by  means  of  a 
first  order  theodolite.  In  some  instances,  the 
distance  between  targets  and  the  perpen¬ 
dicular  distance  from  the  line  of  targets  to 
the  front  node  of  the  lens  can  be  measured 
and  the  angles  computed.  The  lens  to  be 
tested  shall  be  oriented  with  its  front  node 
directly  over  the  point  from  which  the  range 
angles  are  to  be  turned,  its  optical  axis  di¬ 
rected  toward  the  central  target,  and  one 
of  its  diagonals  parallel  to  the  line  of  tar¬ 
gets.  A  test  plate  shall  be  exposed,  after 
which  the  camera  or  cone  shall  be  rotated 
90  degrees  about  its  optical  axis,  and  another 
test  plate  shall  be  eiq>osed.  After  processing, 
the  test  plates  ahall  be  measured  on  a  com¬ 
parator.  The  EFL  of  the  lens  shall  be  deter¬ 
mined  in  accordance  witii  method  1;  the  dis¬ 
tortion  is  determined  as  specified  in  5.I.2.8. 
Curves  shall  be  plotted  (distortion  in  milli¬ 
meters  against  field  J^le) ,  representing  the 
distortion  related  to  £FL  for  both  sides  of 
the  axis  for  botit  diagoiiala.  It  will  usually  be 
fomtd  that  the  curves  for  the  two  sides  of  a 
diagonal  will  not  have  equal  distortion.  By 
selecting  another  point,  the  **Point  of  Sym¬ 
metry,*’  as  the  center  of  the  field  and  re¬ 
computing  the  distortion,  the  curve  for  each 
diagonal  can  be  made  to  be  rdatively  sym- 
roetricaL  The  two  sides  of  eadi*  diagonal 
(four  curves  in  all)  shall  be  averaged  to 
obtain  the  distortion  curve  This  distortion 
curve  can  be  given  any  desired  orientation 
by  nsing  an  adjusted  value  for  the  focal 
length  (the  calibrated  focal  length,  see 
6.15.8).  When  required,  in  addition  to  set¬ 
ting  up  the  iens  as  specified,  the  test  plate 
may  be.adjusted  so  i^t  it  is  perpendicular 
to  the  line  drawn  from  the  central  target 
through  the  front  node  of  the  lens.  This  can 
be  done  by  pointing  a  telescope,  eqnipp«'^ 
with  a  Gauss  eyepiece,  along  this  line  and 
adjusting  the  teet  plate  eeatiBg  eurface(  with 
an  optical  flat  and  tiie  Ganw  witii 

it  is  perpendicular  to  the  line  of  eight  The 
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addition  of  this  step  enables  one  to  measure 
prism  angle.  When  measuring  distortion  at 
finite  distances  the  plane  of  the  targets  must 
be  parallel  to  the  test  plate.  Mathematical 
means  for  adjusting  the  measurements  may 
be  used  to  eliminate  error  from  this  source. 
If  the  distortion  is  to  be  measured  for  an 
object  at  a  finite  distance,  the  targets  ^lall 
be  set  up  at  the  required  distance  as  speci> 
fied.  The  test  procedure  is  the  same  as  for 
the  object  at  infinity,  except  that  the  distor¬ 
tion  is  determined  on  the  basis  of  paraxial 
or  calibrated  magnification. 

6.1.2.1 6.2  Method  26  —  CoUimator  bastk 
method.  This  method  is  intended  for  use  with 
lenses  mounted  either  in  cameras  or  in  test 
barrek.  Method  26  is  similar  to  method  25, 
except  that  a  bank  of  collimators  containing 
targets  shall  be  used  instead  of  a  target 
range. 

5.1.2.16.3  Method  27  —  Single  eotHmator 
photographic-  method.  In  some  cases  where 
high  precidon  is  not  required,  a  single  col¬ 
limator  may  be  used  in  conjunction  with  a 
test  plate  as  in  method  26.  In  this  method, 
either  the  collimator  or  the  lens  and  the  test 
plate  shall  be  -rotated  through  the  required 
field  angles  about  -the  center  of  the  entrance 
pupil  of  the  lens. 

5.1.2.16.4  Method  28  —  Nodal  elide  meth¬ 
od.  This  is  a  visual  test  method  and  may  be 
used,  when  specified,  for  lenses  mounted  in 
barrels.  The  lens  to  be  tested  shall  be  prop¬ 
erly  placed  on  the  nodal  slide  of  an  optical 
test  bench  and  centered  so  that  its  optical 
axis  is  nearly  coincident  with  the  axis  of  the 
microscope.  Distortion  for  a  particular  angle 
shall  be  measured  by  the  lateral  displacement 
of  the  observing  microscope  required  to  cen¬ 
ter  tite  target  at  each  angular  setting.  At 
each  angle  /3,  the  microscope  shall  be  dis¬ 
placed  slong  its  horizontal  axis  by  the  dis¬ 
tance  f(  1-cos  /3)/cos  p  away  from  the  lens. 
IBtis  refocusing  ts  not  necessary  if  a  fiat  field 
bar  b  used.  To  obtain  the  value  of  distortion, 
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the  lateral  distance  through  which  the  micro¬ 
scope  shall  be  displaced  must  be  divided  by 
the  cosine  of  the  angle  at  whidh  the  dbtortion 
b  being  measured.  Because  of  inaccuracies 
present  in  most  optical  benches,  it  b  desir¬ 
able  to  make  each  measurement  at  the  same 
indicated  angle  on  each  side  of  the  axis  and  to 
average  the  two  microscope  readings  obtain¬ 
ed  before  computing  distortion. 

5.1.2.16.5  Method  29  —  Goniometer  meth¬ 
od..  Thb  b  a  vbual  method  intended  for  use 
with  Ibises  mounted  in  ft«in«»rsxg  An  ac¬ 
curately  calibrated  test  object  on  glass,  usual¬ 
ly  in  the  form  of  a  scale  or  grid,  shall  be 
placed  in  the  plane  of  best  definition  of  the 
lens  to  be  tested  and  illuminated  in  a  direc¬ 
tion  toward  the  lens  to  be  tested.  This  test 
object  must  be  flat,  properly  centered,  and 
perpendicubr  to  the  optical  axis.  The  lens 
and  illuminated  test  object  shall  be  pbced  in 
the  goniometer  so  that  the  axb  about  which 
the  angles  are  measured  passes  through  the 
center  of  the  entrance  pupil  of  the  lens.  The 
telescope  of  the  gonioineter  shall  be  pointed 
at  successive  points  on  the  test  object  and 
the  field  angles  determined.  (The  telescope 
ahall  not  be  refocossd  daring  the  run  ol* 
measurements.)  From  tlie  focal  length  of 
the  lens  being  tested  and  the  calibration  of 
the  test  object,  the  angles  subtended  by  the 
various  points  on  the  test  object  can  be 
computed.  Distortion  then  can  be  computed 
in  terms  of  the  difference  in  angles  on  the 
object  side  and  image  side;  this  distortion 
in  turn  can  be  converted  into  the  standard 
form.  (See  5.I.2.3.)  By  adjusting  the  focus 
of  the  telescope,  this  method  can  be  expand¬ 
ed  to  include  some  ca.ses  in  which  the  test 
object  is  in  a  plane  corresponding  to  some 
finite  magnification.  Care  should  be  exercised 
to  insure  that  the  cone  of  light  from  the 
test  lens  is  included  in  the  entrance  nunil 
of  the  telescope. 

5.1.2.16.6  Method  SO  —  Projection  meth¬ 
od.  'This  method  is  intended  primarily  for 
testing  projection  lenses.  A  test  object  simi- 
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lur  to  the  one  used  in  method  29  shall  be 
placed  in  the  object  plane  of  the  lens  to  be 
tested  and  projected  onto  a  suitable  screen. 
Measurements  shall  be  made  of  the  projected 
imaj^e  of  the  test  object.  The  distortion  shall 
be  computed  in  terms  of  the  test  object.  Care 
should  be  taken  to  insure  that  the  ecreen 
and  test  object  are  perpendicubir  to  the  op¬ 
tical  axis  of  the  lens  and  that  the  test  ob¬ 
ject  is  flat  and  properly  centered.  The  cone 
of  light  from  the  projection  lamp  shall  com¬ 
pletely  fill  the  projection  lens,  and  the  test 
object  shall  be  uniformly  illuminated.  The 
sign  of  distortion  is  reversed  from  theory  on 
projection  through  a  lens  and  measured  at 
^e  long  conjugate. 

S.L2J6.7  Tonpential  diaiortion.  Any  of  the 
six  methods  for  measuring  radial  distortion 
may  be  modihed  to  measure  tangential  dis¬ 
tortion  by  .oonaidering  the  displacement  of 
image  points  tpien>endieular  to  a  radius  from 
the  center  of  the  field.  The  magnitude  of 
tangential  distortion  varies  from  rero  along 
one  diameter  to  a  maximum  along  an  orien¬ 
tation  90  degrees  to  the  diameter  of  sero 
distortion.  Therefore,  when  required,  tan¬ 
gential  distortion  shall  be  measured  for 
axial  orioitations  of  .the  lens,  and  Ihe  orien¬ 
tation  f  or  maximum  tangential  distortion 
computed. 

5X2J7  Prism  effect..  To  measure  the 
prism  effect  in  tarms  of  a  thin  equivalent 
prism  of  vertex  angle  a,  use  is  made  of  the 
fact  that  oblique  rays  are  deviated  by  tte 
prism  more  tlmn.  and  in  the  same  direction 
as,  the  axla!  ray.  An  assumption  is  made 
that  the  axial  ray  makw  only  s  small  «igle 
with  the  ncomal  to  the  surface  of  the  prism 
(or  the  prism  may  be  asscuned  to  be  in  the 
minimum  deviation  for  the  axial  ray) .  If  the 
camera  under  test  is  used  to  photograph 
three  collimators  or  distant  targets,  one 
and  the  other  two  making  ancles 
god  — ^  with  the  axis,  the  distances  from 
the  0  degree  Image  to  the  -1-15  image  and 
from  the  0  degree  image  to  the  —ff  image 


are  different  in  the  presence  of  a  prism 
effect  This  difference  is  measured  on  the 
negative  Under  the  assumptions  made,  the 
analytical  expression  for  this  difference  is : 

A  =  f[tan  (/S  -1-  e)  —  tan  (^  --  e) 
—  2  tan  e.] 

(26) 

where  f  is  the  equivalent  focal  length  of  the 
lens,  e  is  the  deviation  of  the  ray  making 
P  with  the  axis  (within  a  dose  approxima¬ 
tion  the  deviation  is  the  same  for  +p  and 
—P),  and  e«  =  a/2  is  the  deviation  of  the 
axial  ray.  Tables  for  A  can  be  computed  for 
varions  values  of  f,  P,  and  a.  The  measured 
and  tabulated  vnlnes  of  A  are  compared,  and 
the  corresponding  o  is  evaluated. 

5.1,2.18  Spherical  aberration. 

5.1.2.1&1  Method  SI  —  Anmnal  ring  or 
Harttnann  disk  method.  When  spherical 
aberration  is  specified  in  terras  of  change  in 
focal  position  for  zones  of  different  radii,  a 
Hartmann  (a  plate  covering  a  front  of 
the  lens  with  holes  at  the  different  zones) 
or  aperture  consisting  of  open  annular  rings 
win  be  placed  erver  the  front  of  the  lens  and 
property  centered.  Eitiier  s  photographic  or 
visual  method  of  determining  tiie  difference 
in  focal  positions  for  different  zones  may  be 
used.  Various  modifications  of  these  meth¬ 
ods  and  other  methods  may  be  employed, 
such  as  t  knife-edge  test  or  interferometric 
method.  When  measuring  spherical  aberra¬ 
tion  for  an  object  at  Inftnlty,  the  target 
which  is  imaged  by  the  test  lens  may  be 
placed  In  a  colllmater  or  a  distance  at  least 
2B  times  the  focal  length  of  the  lens  to  be 
tested. 

5.1.2.18.2  Method  St  —  Stofrped-apertvre 
method.  When  spherical  nhewatisa  is  spe¬ 
cified  in  terms  of  the  difference  between  the 
best  focus  st  maximum  aperture  and  at  a 
designated  reduced  aperture,  a  nodal  slide 

_ a  >  ^  .MU  m  ir{g\n  TtaxxfTinn 

OptlCSl  DCflCn  or  m  •  is  hi.  sia-B-i— 

may  be  used  to  detomine  the  difference  in 
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these  focal  positions.  A  focusing  microscope 
provided  with  a  scale  indicating  distance 
along  the  axis  of  the  microscope  may  also  be 
used.  The  target  which  is  imaged  by  the  test 
lens  may  be  placed  either  in  a  coHunator  or  at 
a  distance  at  least  25  times  the  focal  length  of 
the  lens  to  be  tested.  (In  the  latter  case  the 
EFL  or  BF  of  the  lens  is  the  conjugate  ob¬ 
ject  distance.) 

5-1.2.19  Feiltnp  glare. 

5.1.2.19.1  Method  SS  —  Photographic  black 
spot  method.  Veiling  glare  may  be  measured 
by  means  of  an  apparatus  photographing  the 
test  field  as  specified  herein.  The  test  field 
shall  consist  of  a  bright  Lambert’s  law  sur¬ 
face  containing  a  perfectly  black  spot.  For 
the  purposes  of  this  test,  a  perfectly  black 
spot  will  be  one  whose  luminance  is  not 
greater  than  1/109  of  the  luminance  of  the 
bright  surface  when  measured  from  the  por¬ 
tion  of  the  lam.  black  spot  shall  be  cir¬ 
cular,  and,  except  as  noted  below,  its  dia¬ 
meter  Shan  subtend  an  angle  of  1  degree 
±  5  minutes  at  the  lens  under  test.  For  test¬ 
ing  lenses  of  types  I.  H,  III,  and  V  (or  cone 
and  camera  assemblies  with  these  lenses), 
the  bright  field  shall  be  of  an  infinite  extent. 
This  may  be  provided  by  a  large  integrating 
box  of  uniform  luminance  within  an  angle 
of  2  w  steradians.  For  testing  lenses  of 
other  types  (or  instruments  with  these 
lenses)  the  bright  field  shall  be  limited  to  the 
field  to  be  covered  in  actual  use.  The  spectral 
distribution  of  light  coming  from  the  bright 
field  shall  be  equal  to  daylight  (for  types  TII 
and  V  lenses) ,  or  may  be  modified  by  a  yel¬ 
low'  filter  (for  types  1  and  II  lenses),  or  be 
equivalent  to  the  light  from  a  source  which 
is  ?.  gray  body  at  2848°  K  (for  lenses  and 
instruments  normally  used  w-ith  a  tungsten 
source) .  For  instruments  which  are  not  nor- 
mallv  used  with  the  sources  specified  above, 
the  bright  field  shall  have  a  spectral  distri¬ 
bution  .similar  to  that  of  the  source  used 
with  the  instrument.  There  shall  be  no  sub¬ 
stance  other  than  air  between  the  test  field 


and  the  lens  or  its  attached  filter.  For  testing 
lenses  (or  lens<ODe  and  lens-camera  assem¬ 
blies)  used  to  photograidi  distant  objects,  the 
biack  spot  must  be  at  a  distance  from  the 
lens  not  shorter  than  10  times  its  focal 
length.  For  lenses  used  with  relatively  short 
object  distances,  the  black  spot  shall  be  at  the 
normally  used  distance  from  the  lens.  For 
testing  cameras  that  permit  easy  focusing  or 
instruments  used  with  short  object  distances, 
the  image  of  the  black  spot  shall  be  sharply 
in  focus  in  the  film  (or  paper)  plane  of  the 
camera  or  of  tiie  instrument,  respectively. 
For  testing  lenses  of  lens-cone  a-tsembhes 
w'hkrh  have  no  focusing  mechanism,  the  te.st 
apparatus  shall  be  provided  with  a  movable 
film  holder  for  sharp  focusing  of  the  image 
of  the  black  spol  If  tdie  focal  length  of  the 
lens  is  too  short  to  produce  an  image  of  at 
least  1  millimeter  diameter  with  the  1-de¬ 
gree  black  spot,  the  black  spot  shall  be  in¬ 
creased  in  sise  so  that  the  diameter  of  its 
image  becomes  approximately,  but  not  less 
than,  1  millimeter.  In  lens-camera  assemblies 
focused  for  infinity  and  having  no  focuang 
adjustmimt,  the  image  of  the  blade  spot  will 
be  necessarily  out  of  focus  in  the  focal  plane 
of  the  camera.  The  image  will  have  a  dark 
center  where  there  are  no  out-of-focus  rays 
from  the  bright  field,  provided  ttiat  the 
diameter  of  the  black  spot  is  greater  than 
the  aperture  of  the  lens  under  test  The  1- 
degree  black  spot  shall  be  at  such  a  distance 
from  the  lens  that  the  diameter  of  the  dark 
center  of  the  out-of-focu.s  image  shall  be  ap¬ 
proximately,  but  not  less  than,  1  millimeter. 
The  required  distance  becomes  infinity  for  a 
lens  of  57.8  mm  focal  length  and  it  still  may 
be  too  great  for  a  practical  instrumentation 
with  lenses  of  somewhat  longer  focal  lengths. 
For  lenses  of  focal  length?  shorter  than  57.3 
mm,  the  requirement  of  1  millimete  r  image 
diameter  cannot  be  met  with  the  l-degr-e 
spot  at  any  real  distance.  In  these  cases,  the 
black  spot  shall  he  increased  in  sire  and 
placed  at  such  a  di.stance  that  the  diameter 
of  the  dark  center  of  the  otrt-of-focus  image 
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shall  be  approximately,  but  not  less  than,  1 
millimeter,  and  the  outside  diameter  of  the 
out-of-focus  image  shall  be  not  greater  than 
2  millimeters.  When  the  1-degree  black  spot 
is  used,  measurements  shall  be  made  of  the 
illuminance  in  the  dark  center  of  the  image 
of  the  black  spot  and  of  the  illuminance  in 
the  image  of  the  bright  field  at  1  degree  80 
minutes  from  the  center.  In  the  cases  where 
a  larger  black  spot  must  be  used,  the  illumi¬ 
nance  of  the  image  of  the  bright  field  shall 
be  measured  at  1.6  millimeters  from  the  cen¬ 
ter  of  the  image  of  the  black  spot.  In  either 
case  the  value  of  the  illuminance  of  the 
image  of  the  bright  field  shall  be  the  mean 
two  measurements  taken  at  the  specified 
distance  on  the  opposite  sides  of  the  dark 
image.  Photographs  of  the  test  field  shall  be 
made  on  the  emulsion  to  be  used  with  the 
instrument  (Light  scattered  back  into  the 
instrument  by  the  emulsion  can  contribute 
significantly  to  veiling  glare.  Hence,  any 
test  method  must  provide  a  reflecting  surface 
similar  to  the  unexposed  onulsion  over  prac¬ 
tically  the  entire  film  plane.)  Measurements 
shall  be  made  at  full  aperture,  and  any  other 
aperture  specified,  with  the  black  spot  on 
axis  and  at  other  positions  in  the  field  of  the 
instrument,  including  positions  near  the 
edges  and  comers  of  the  field.  Any  area 
which  may  be  affected  by  reflections  from 
asymmetrical  structures  between  the  object 
plane  and  the  film  plane  shall  be  investigated. 
The  percent  veiling  glare  shall  be  calculated 
for  each  position  in  the  field,  and  variations 
of  veiling  glare  with  position  in  the  field 
shall  be  presented  in  a  table  or  graph  for 
each  aperture  tested.  Any  significant  asym¬ 
metries  shall  be  recorded.  A  well -controlled 
method  of  photographic  photometry  shall  be 
used  to  obtain  the  ratio  of  the  illuminanws 
of  the  image  of  the  black  spot  and  the  adja¬ 
cent  image  of  the  bright  field.  One  of  the 
methods  is  to  use  a  density  step-wedge.  This 
shall  be  placed  over  the  image  of  the  bright 
field  3di(i''CTit  to  the  image  of  the  black  spot, 
and  a  photograph  of  the  test  field  shall  be 


takeiL  Densitomctric  readings  ehall  be  made 
on  the  image  of  the  black  spot  and  on  the 
images  of  the  two  steps  which  produced  the 
nearest  higher  and  lower  densities  than  the 
density  of  the  image  of  the  black  spot.  By 
interpolation,  the  density  necessary  in  the 
step-wedge  to  produce  the  density  of  the 
image  of  the  black  spot  shall  be  found.  This 
density  of  the  step-wedge  is  equal  to  the 
logarithm  of  the  ratio  of  illuminances  of  the 
bright  surround  (E,)  aixl  of  the  image  of 
the  black  spot  (E,).  The  veiling  glare  is 
then  computed  as: 

E* 

V  =  100 - % 

E. 

(27) 

5.1.2.19.2  Method  Si  —  Photographic  bUiek 
strip  method.  The  apparatus  and  procedure 
used  in  this  method  are  the  same  as  in  meth¬ 
od  33,  except  that  a  black  strip  is  used  in¬ 
stead  of  a  black  spot.  The  limitations  imposed 
on  the  width  and  distance  of  the  black  strip 
are  the  same  as  specified  for  the  diameter  of 
the  black  spot  The  length  of  the  strip  shall 
subtend  at  the  lens  the  maximum  total  angle 
to  be  covered  by  the  lens  in  actual  use.  Meas¬ 
urements  shall  be  made  along  the  image  of 
the  black  strip  at  .various  distances  off  axis 
up  to  the  maximupn  angle  covered  by  the 
lens  to  find  the  distribution  of  veiling  glare 
across  the  field.  In  the  case  when  an  out-of- 
focus  image  of  the  black  strip  must  be  used 
for  testing,  some  out-of-focus  rays  from  the 
bright  field  will  pass  through  certain  areas 
at  the  ends  of  the  image  of  the  black  strip. 
The  extent  of  these  areas  shall  be  deter¬ 
mined,  and  they  shall  not  be  used  for  meas¬ 
urements. 

5.1.2.19.3  Method  55  —  Photoelectric 
method.  This  method  uses  the  same  appara¬ 
tus  of  methods  5  and  6.  except  that  a  light- 
sensitive  measuring  device  of  spectral  sensi- 
tivitj'  characteristics  similar  to  those  of  the 
sensitive  photographic  material,  which  is 
normally  used  with  the  lens  under  test,  shall 
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be  used  in  the  image  plane  of  the  test  ap¬ 
paratus. 

5.1..2.20  Ccmdenser  performance.  The  con¬ 
denser  shall  be  set  up  to  simulate  the  equip¬ 
ment  in  which  it  is  to  be  used,  and  the  image 
of  a  designated  format  shall  be  projected  on 
a  screen.  The  uniformity  of  screen  illumi¬ 
nance  and  total  light  output  shall  be  meas¬ 
ured  with  a  foot-candle  meter  and  shall  be 
as  designated  for  the  particular  application. 

5.1.2.21  Beauty  defects.  When  inspecting 
for  scratches  and  digs,  a  reference  standard 
glass  containing  graded  scratches  and  digs 
used  as  a  guide  shall  be  used.  The  accep¬ 
tance  standards  on  all  beauty  defects  shall 
be  determined  by  the  individual  application. 

5.1.2.22  CentratioTL  When  inspecting  lens¬ 
es  for  errors  in  centration,  compliance  with 
the  requirements  on  resolving  power,  tan¬ 
gential  distortion,  and  prism  effect  shall  be 
of  primary  consideration.  The  lens  examined 
should  be  tested  across  a  field  diagonal  which 
gives  the  lowest  resolution  or  maximum  tan¬ 
gential  distortion,  whichever  is  the  most  im¬ 
portant  considering  the  use  for  which  the 
lens  is  intended.  Routine  inspection,  based 
on  off-axis  star  images,  may  be  substituted 
for  photographic  methods  when  properly 
correlated. 


Copies  of  specifica.tion,  standards,  drawingrs,  and 
publications  required  by  contractors  in  connection 
with  specific  procurement  functions  should  be  ob¬ 
tained  from  the  procuring  activity  or  as  directed 
by  contracting  officer. 

Copies  of  this  standard  for  military  use  may  be 
obtained  in  the  -foreword  to  the  Index  of  Military 
Specifications  and  Standards. 

Copies  of  this  standard  may  be  obtained  for  other 
than  official  use  by  individuals,  ^rms,  and  contrac¬ 
tors  from  the  Supierintendent  of  iDocuments^  U.  S. 
Government  Printing  Office,  Washington  2S»  D.  C. 

Notice.  When  Government  dra^ngs,  specifications, 
or  other  data  are  used  for  any  purpose  other  than 
in  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Goverri- 
ment  thereby  incurs  no  responsibility  nor  any  obli¬ 
gation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  fumi^icd,  or  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use,  or  sell  any  pa¬ 
tented  invention  that  may  in  any  way  be  related 
thereto. 

Preparing  activity: 

Air  Force 

Other  interest: 

International 

Other  cuatodtaae: 

Army — Signal  Corpa 

Navy — Bureau  of  Aeronautics 
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APPENDIX 

10.  REFERENCE  MATERIAL 


10.1  GENERAL.  The  material  covered  in 
thia  appendix  does  not  form  a  pert  of  this 
standard.  It  is  provided,  primarily,  as  refer¬ 
ence  mattfial  for  assistance  in  the  procure¬ 
ment  inspection  of  phototn'sphic  lenses. 
Suggestions  ooneeming  requirements  related 
to  some  mechanical  details  and  other  fea¬ 
tures  are  given.  A  reference  list  intended  for 
use  by  those  preparing  specifications  and 
procuronent  documents  is  also  provided. 

10.2  LENS  MOUNTING,  AND  OTHER 
REQUIREMENTS. 

lOJSJ  Motmted  in  a  ceU.  When  specifying 
members  mounted  in  a  cell  for  a  multiple 
ceD  lens  (QsuaUy  two  cells,  front  and  rear) 
the  following  details  should  be  specified : 

a.  Cell  separation  or  the  correct  should- 

er-to-shoulder  mounting  distance 
(sometimes  called  barrel  length) 
should  be  supplied  with  eaCii  lens 
by  the  manufacturer. 

b.  Dimensions  and  details  of  the  cells. 

c.  Dimensions  and  details  of  the  mount¬ 

ing  parts  (threads,  etc.). 

10.2.2  Mounted  in  a  barrel.  When  specify¬ 
ing  a  lens  mounted  in  a  barrel  the  following 
details  should  be  specified ; 

a.  Length  of  the  threaded  portion  of  the 

barrel. 

b.  Whether  barrel  shall  be  furnished 

with  a  threaded  ring.  If  threaded 
ring  is  required,  dimensions  and 
details  such  as  mounting  holes  or 
means  of  securely  setting  at  any 
position  along  the  threaded  por¬ 
tion  of  the  barrel. 

c.  Whether  barrel  shall  be  provided  with 

a  fixed  flange.  If  flange  is  requit¬ 


ed,  dimensions  and  details  such 

as  mounting  boles. 

10.2.3  Mounted  m  a  ekutter.  When  specify¬ 
ing  a  lens  mounted  in  a  shutter  the  follow¬ 
ing  details  should  be  specified : 

a.  Requirements  of  shutter  (speeds,  ef¬ 

ficiency,  etc.). 

b.  Methods  of  attaching  shutter  to 

camera. 

c.  Dimensions  and  details  of  shutter. 

d.  Threads  (if  required)  for  attaching 

lens  to  shatter  and  shutter  to 

camera. 

e.  Special  riiutter  features  (self-timer, 

sychroniier,  etc.) . 

10.2.4  Mounted  in  a  cone.  When  required, 
a  lens,  may  be  mounted  in  a  lens  cone.  When 
required,  the  following  details  should  be 
specified  :** 

a.  Details  and  dimensions  of  the  cone- 

camera  seating  surface. 

b.  Distance  from  cone-camera  sealing 

surface  to  focal  plane. 

c.  Focusing  means  within  the  cone. 

d.  Mechanical  details  and  dimensions  of 

the  cone  adapter.*^ 

e.  Any  additional  mechanical  details  and 

dimensions  deemed  necessary. 

10.2.5  Mounted  in  a  focusing  mount.  W'hen 
.specifying  a  lens  mounted  in  a  focusing 
mount  the  following  details  shovild  be  spe¬ 
cified  : 

■  In  OvcHw  in  which  1h#  rmr  aurfart  of  tho  oo»»c  and 

foeml  |>Un»  minclda  (for  mntjmpi*.  cmrtorraphic  caimrMl,  «♦- 

oonoomtng  oiuchmont  of  th«  rone  U»  camtra  ahould  br 

^  A  con*  oAapirr  is  iMlnod  os  m  pmr^  **f  the  «o«* 

wh,rh  fWBT  ha  r»ol»<wd  U>  i»rwe  ids  for  uomr  I  he  ooft*  on  4<t- 
foroot  etuMOns* 
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a.  Flange  focal  distance  (e«e  3.1.7). 

b.  Bao^e  of  focus  and  accuracy  of  scale. 

(See  C  in  4.I£.3.) 

c.  Whether  or  not  the  lens  may  rotate 

when  focusing. 

d.  Whether  or  not  the  lens  may  focus  by 

separation  of  the  members. 

e.  Method  and  details  concerning  the 

mounting  of  the  focusing  posts. 

f.  Dimensions  and  details  of  the  mount¬ 

ing  surface. 

g.  Other  mechanical  details  and  dimen¬ 

sions  deemed  necessary. 

10.2.6  Diaphraffm.  When  specifying  a  lens 
which  is  mounted  in  a  barrel,  in  a  cone,  in  a 
focusing  mount  or  shutter,  which  requires 
a  diaphragm,  the  following  details  should  be 
specified: 

a.  Type  of  diaphragm  (iris  or  other, 

nmnber  of  leaves,  etc.) . 

b.  Dimensions  and  details. 

c.  T3T)e  of  marking  and  calibration  (f- 

stop,  T-stop,  aperture  ratio). 

d.  Belated  features  (click  stops,  dia¬ 

phragm  control  in  the  form  of  a 
ring  gear  for  remote  control, 
total  angular  travel  and  angle 
corresponding  to  each  stop  mark¬ 
ing,  limit  stop  to  prevent  closing 
to  too  small  an  aperture,  etc.). 

10.2.7  Statistical  data  and  quality  control. 
When  required,  it  may  be  specified  that  the 
contractor  shall  supply  to  the  procuring  ac¬ 
tivity,  a  detailed  record  of  the  statistical 
facts  concerning  specified  attributes  and 
variables.  These  qualit3’  records  should  in¬ 
clude  lot  sires,  sampling  size.  Acceptable 
Quality  Levels,  acceptance  and  rejection 
numbers,  incidence  of  defectives,  and  other 
pertinent  data  such  as  qualitj'  control  cherts 
on  attributes  and  variables  affecting  final 


performance  and  installation.  When  requir¬ 
ed,  the  classification  of  defects  should  be  aa 
specified.  Sampling  requirements  should  be 
clearly  stated  in  the  specification  or  procure¬ 
ment  document  and  should  be  in  accordance 
with  MID-STD-106. 

10.2.8  Number  of  lenses  to  be  destroyed. 
The  specification  or  procurement  docximent 
should  clearly  state  the  number  or  percent 
of  a  given  order  to  be  given  any  destructive 
tests. 

lOJt.9  Packoff ing.  Detail  packaging  re¬ 
quirements  should  consider  the  type  and  size 
of  lens  to  be  packaged  as  well  as  its  intended 
destination. 

10.2.10  Markings.  Details  concerning  the 
extent  to  which  a  lens  ^ould  be  marked  and 
the  manner  of  marking  the  packages  should 
be  given  in  the  specification  or  other  pro¬ 
curement  document. 

10.3  ORDERING  DATA  REFERENCE 
LIST. 

10.3.1  Reference  Ust.  When  preparing  spe¬ 
cifications  or  other  procurement  documents, 
the  following  reference  list  should  be  used. 
The  first  four  items  are  identification  re¬ 
quirements  which  govern,  in  general,  the  na¬ 
ture  of  the  lens  and  provide  a  limited  de¬ 
scription.  The  remaining  items  concern  per¬ 
formance  charactertistics,  physical  and  me¬ 
chanical  features,  markings,  testing,  and 
packaging.  “B.”  under  a  particular  lens  type 
signifies  that  requiremwits  concerning  this 
feature  are  required  to  be  specified.  "O" 
signifies  that  consideTstitm  of  this  feature  is 
optional.  “A*'  siirnifi**  additional  tech¬ 
nical  details  are  required  in  the  specification 
to  make  proper  use  of  this  feature.  **X"  im¬ 
plies  that  this  item  is  not  usually  applicable 
to  tile  lens. 
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Typ*  nqaind  utd  'tm 

(5m  12)  .  B 

Eqni'rakBt  local  langth 

(Sm  SX4  and  4X5) .  B 

Haximtim  nlativo  apazton  or 

T-atop  (Sm  4X5)  .  B 

Fiold  of  view  (Sm  S.5)  .  B 

Oonatnetion  of  kna  (8m  S2)  0 

ColibcaUd  focal  kngth 

I  (SmSX5)  .  0 

Back  focal  diaUnra 

(8m  SX<)  . 0 

Flange  focal  diatanee 

(Sm  8X7  and  8.4.6)  .  B 

F'mt  focal  diatanea 

(Sm  8X8)  .  0 

Fratt  vertex  back  focal  dia- 

tasM  (8m  tX»)  .  O 

Fnnt  cqpcratiiir  apertnre 

(Sm  8X7)  .  O 

Boar  oparathig  ^>ertai« 

(8m  8X8) .  0 

BaaolriBr  pwrg  (8m  8X2)  .  B 
Aiaa  weigbtad  ovacaga  xa> 

aotatka  (8m  8.8X5)  .  B 

Aatigaotiam  aad  earvataia  cf 

flald  (Sm  8X8) . ;....  0 

Goler  caRaetlM  (8m  MA)  .  B 
Badial  dtatirtlM  (8m  8X8 

and  S.8.6J)  .  0 

Taagaatial  diatoition 

(Sm  8.8.62)  .  0 

Prim  aOSaet  f 8m  8X82)  ...  O 

(8m8XT) .  B 


TmuanitUnra  (Sm  X62)  ...  0 

Axaa  ~*g*’*^  avMaga 
TaiwWr  (8m  8X82)  ...  0 
Splieriea)  abetmtioB 

(SbaXU)  .  0 

Otlwr  abenatfoBB  .  0 

yaniBr  fim  (Smsxio)  ...  o 


(8m  8X12)  .  X 

MoBBtlac  .  B 


DIapluafBi  tnqplmaato 
(8m  8X4  aad  10X8)  ,...  0 
WataiboaM  atopa  (Sm  8X4)  X 
Lana  MarU^  (Sm  dXl)  ..  B 
IsxtunMKttvti  spvtaf^  ssuitioir 
(8m  4.1X8)  .  0 
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Ajceaxmcf  of  focosin^  acaies 
(when  roqoimi)  (See 

I 

n 

m 

IV 

V 

n 
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X 

XI 
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■U-6^)  . 
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(See  Z.’IJZ)  . 
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R 

B 

£ 

B 

E 

E 

B 

B 

lOJlS)  . 

Filixu  and  prooeaaing  (See 

B 

B 

E 

B 

B 

B 

B 

B 

E 

E 

B 

E 

B 

E 

SXU  and  6.L2.12.1)  . 

Plane  of  best  definition 

E 

B 

B 

B 

B 

B 

X 

E 

B 

X 

X 

E 

E 

E 

(See  6.L2JL)  . 

Kbtbod  of  measuring  eqaivm^ 
lostr  fceel  knrtb  (See 

E 

B 

B 

B 

B 

X 

E 

B 

E 

X 

X 

E 

E 

E 

R1X2)  . 

Method  of  mciasuring  effective 

E 

E 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

apertue  (See  S.IXO) . 

Method  of'  mairiniiiit^  T*nazn- 
her  and  traneznittanee  (See 

B 

R 

E 

B 

B 

B 

B 

E 

E 

0 

X 

E 

E 

E 

. 

X^bod  of  neasoxiit;  xelatiTc 

0 

0 

0 

O 

0 

O 

O 

0 

0 

X 

X 

0 

0 

0 

fllominattoa  (See  6.1X11) 
Method  of  neeaimjij^  resolving 

B 

R 

E 

B 

B 

BA 

BA 

EA 

0 

0 

X 

RA 

E 

E 

(See  6X2J2)  . 

B 

E 

E 

B 

B 

B 

B 

E 

E 

E 

X 

B 

R 

E 

Taigiit  dktoaee  (See  6.1.1J) 
Target  eentnut  end  whether 
dark  Umb  an  li^t  bodi- 
tmoMl  or  vice  verse  (See 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

0 

0 

E 

6X1.7)  . 

Tfhether  lens  is  to  be  terted 
rrtth  filter  in  plaee  or  over 

B 

E 

E 

B 

B 

B 

B 

E 

E 

E 

X 

R 

E 

E 

light  oonree  (See  6X1.4)  .. 
KeUtive  epeitare  for  resolving 

B 

E 

E 

B 

B 

B 

B 

R 

R 

R 

X 

R 

R 

R 

power  taet  (See  6.1X12)  . . 
AnriiUr  settingi  for  resolvings 

B 

E 

E 

B 

B 

B 

B 

E 

E 

E 

I 

E 

E 

E 

pewer  imigcs  (See  6.1X12) 
Megnlfleotion  for  reeding  re- 

B 

E 

E 

B 

B 

B 

B 

E 

R 

E 

X 

E 

R 

E 

•rtrlag  power  (See  6JIX12) 
Metiiod  of  meesnring  eetigms- 
tism  end  comtue  of  fleid 

B 

E 

E 

B 

B 

B 

B 

R 

R 

E 

X 

H 

E 

E 

(Soe  6.1X18)  . 

Method  of  teessnriag  chrw- 
mirttc  sheiretions  (See 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

z 

0 

0 

0 

6.1X14)  . 

0 

0 

0 

0 

0 

0 

0 

O 

O 

X 

T 

0 

0 

0 
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Method  of  measuring  distot> 


lion  (8ee  5.1^1$)  .  O 

Method  of  measuring  spherical 
sbenration  (See  5.1^18)  ..  0 

Method  of  measuring  x-eilin? 

glare  (See  .  0 

Method  of  measuring  beauty 

dcfecu  (See  5J.i5I)  .  R 

Environmental  tests  .  R 

Preser\‘ation  .  R 

Unit  Packaging  .  R 

Exterior  pocking .  R 

Cushioning  .  r 

Overoeos  packing .  R 

Domestic  poddng .  R 

Package  marking .  R 


J1  111  iv 

R  0  R 


0 

0 


O  0 
0  0 


V  VI  vu  VUI  XI  X 

0  0  0  0  0  0 


0  0 
O  0 


0 

0 


0  0  0 
0  0  0 


XI  xn  xni  xfv 
X  0  0  0 


X 

X 


0 

0 


0 

0 


0 

0 


R  R  R  R  R 

R  R  R  R  R 

n  R  R  R  R 

R  R  R  R  R 

R  R  R  R  R 

l:  R  R  R  R 

R  R  R  R  R 

R  E  R  R  R 

n  n  R  R  R 


R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 


R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 


R  R 
R  R 
R  R 
R  B 
B  R 
R  R 
R  R 
R  R 
R  R 


R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
R  R 
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tions. 

10.4.1.12.1  Department  of  the  Navy. 

Photographic  Interpretation  Center: 

Introduction  to  Camera  Calibration — Re¬ 
port  No.  127-60. 

Goniometer  Method  of  Camera  Calibra- 
bration — ^Report  No.  128-50. 

(Collimating  Camera  Method  of  Camera 
Calibration — ^Report  No.  129-50. 

Photographic  Goniometer  Method  of 
Camera  Calibration— Report  No.  180^0. 

Star  Exposure  Method  of  Camera  Calibra¬ 
tion — Report  No.  181-60. 
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Terrestrical  Eboposure  Method  of  Camera 
Calibration— Report  No.  182-60. 


10.4.1.12.2  Department  of  the  Army. 

Tangential  Distortion,  R.  G.  Livingston, 
Engineering  Research  and  Development 
Laboratory  Report  1219  (Nov  1951). 


10.4.1.12.8  Department  of  the  Air  Force, 


Photographic  Lens  Testing,  R.  N.  Kieren- 
berg,  Air  Material  Command  M.  R.  No.  Eng. 
—59-841-413-16  (May  44). 


10.4.1.18  Bool^. 

Summary  Technical  Report  of  NDRC 
(OSRD)  Division  16,  Volume  1,  Optical  In¬ 
struments. 


Method  de  Control,  Congress  Internation¬ 
al  de  Photogrammetrie  LaHaye,  1948,  Paris 
Institute  (}eographigue  National 

Standards  Association  Z7.0.4.1 
— 1951,  Specification  for  Standard  Method 
of  Determining  Veiling  Glare  in  Photogra¬ 
phic  Systems. 

Photo-Electricity,  V.  K.  Zworykin  and  E. 
G.  Ramberg,  John  Willey  &  Sons,  Inc.  1949. 

Mftimitl  of  Photogrammetry,  American 
Sodely  of  Photogrammetry,  George  Santa 
Publishing  Co.,  1952. 

Physical  Aspects  of  Air  Photography,  G. 
C.  Brock,  Logmans,  Green  and  Col,  1952. 

The  Theory  of  the  Photographic  Process, 
C.  E.  Mees,  The  Macmillan  Co.,  1954. 
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INDEX 


A 

V  number,  ^.7 .4,2.2 

AV*<rration,  laterjU  chromatic,  S.6.4.2,  5.1.2.14.2 
hmjrlodinal  chromatic,  3.6.4.I.  5.1.2.'14.1 
«phoh.'*al,  3.r>  6  1.2.3 

Achromat,  3.7. 1.1 
Air  belU,  3.R.1.1.2 
Anastiirniit,  3.7.1. 2 
Annies,  obliquity,  3.6.7.4 

Annular  nnf:  or  Hartmann  disk  method  for  measur¬ 
ing  spherical  aberration  5.1.2.38.1 
.Aperture,  dear,  3.2.4 
and  related  quantities.  3.2 
effective,  3.2.3.  G.1.2.9 
front  operatini^,  3.2.7 
marking,  4X3 
maximum,  4.1.3 

numerical  and  corresponding  f-number,  EJ.Jl.2 
ratio,  3X2,  5.1X8  . 

rear  <Hi>erating.  3.2.8 
relative,  3.2.5 

stopped-,  method,  for  measuring  spherical  aber¬ 
ration,  5.1X18.2 
Apochromat,  3.7.1.3 
Apparatus,  test,  5.1.1 

Area  weighted  average  resolution  (AWAR),  3.6.2.5 
Area  weighted  average  T-number  (AWAT)  3X6.1 
Astigmatism  and  curvature  of  field,  3.6.3 
Autocoliimation,  principal  point  CFf,  3.6.6.4 
Axis,  mechanical,  3.1.3 
of  best  definition,  3.12 
optical,  S.1.1 

Axes,  points  and  distances^  3.1 
B 

Back  focal  distance,  3.1.6,  5. 1.2.4 
Barrel,  3.42,  10.2.2 
Beam  sections.  3  6.7.3 
Beauty  defects,  3.8 
Bells,  air,  3.8.M.2 
Bench,  optical,  5. 1.1. 2 

Best  average  definition  over  the  picture  area,  plane 
of  (BADOPA),  3.1X1.1 
Best  definition,  plane  of  3.1.2.),  5. 1.2.1 
Birefringence,  3.7.4.3 
Blistera,  3.8.2. 1 
Brilliance,  specific,  3. 6. 10 
Bubbles,  3.8.1.1 
Burnt,  3.8.2.2 

C 

Calibrated  focal  length,  3.1.5,  6  1.2.3 
Cell,  3.4.1,  10.2.1 
Cemment  starts,  S.8.2.3. 

C^ntration,  errors  of,  S.6.6.3 


Chipa,  3X2.4  «  « j  • 

Chromatic  aberration,  lateral,  3.6.4X  5.1X14X 
longitudinal,  3.6.4.1,  5.1X14.1 
Coatings,  rellectkm  reducing,  3.7.2 
Collimator,  5.1.1.X 

Tnethoda,  Method  6,  T-number  and  transmittance 
measuTementt,  5.1.2.10.2 
Method  8,  relative  iUnmination  mem*- 
'  urementa,  5.1X11.2 

Method  11,  resolving  power  meaaure- 
yiu-ta,  E  IXIXU 

_ Method  26,  collimator  bank  dietortioii 

roeasurementa,  5.1X16.2 
Method  27,  single  collimator  diatortioD 
meaaurementa,  5J.X16.S 

Color  contribution,  3.6.8.1 
Color  correction,  3.6.4,  5.1Ji.l4 

C<Mnbination  method  for  measuring  equivalent  focal 
length,  5JIX2.1.1 
Component,  3.3.3 

Concentration,  position  of  greatest,  8.6.9.1.1 
Condenser  performance,  6.1.2.20 
characteristics,  8.6.11 
Condition  test,  5.1  JL .6 
Cone,  3.4.3,  10.2.4 
adapter,  10.2.4 
Constructional  features,  3.3 
Contrast,  target,  low,  5.1.1.7.3 
medium.  5.1.1.7.2 
hi^,  5.1.1.7.1 
rendition,  3.6.10 
Cords,  3.8.1.8.2 
Co5<  law,  3.6.72 
Grades,  3X2.5 

Curvature  of  field  and  astigmatism,  5.1X13 
D 

Defects,  material,  3.8.1 
manufacturing,  3.8.2 
Definition,  plane  of  best.  3.1 .2.1,  6. 1.2.1 

over  the  p'rture  area,  plane  of  best  average 
(BADOPA),  3.1.2.1.1 

Densitoroetric  method,  for  measuring  relative  illnmi- 
nation.  5.1.2.11.3 

Depth  of  focus  and  depth  of  field,  3.1.11 
Design,  name  of,  3.3.7 
Diaphragm,  lent,  3.4.4 
marking  of,  4.)  t 
specifying  a,  10.2.6 
Diga,  3.8.2.6 
Dirt,  3.8.2.7 
Dirt  boles,  3.8.26.1 
Diaperrion,  3.7X2 
Disp^rv*ve  power,  3.7  4.2.1 
P'vtoncf.  hack  ii.l.ti,  h.i./ ♦ 

fiangc  focs\  3.1  7,  5.1  ?  5 
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front  focal,  2X8,  5.1X6 
front  wctex  focal,  8X9.  5.1X7 
Diatortbm,  8.6.6,  51X16 
burd,  8.6.6  J 
pinevahion,  8.6X1 
radial,  8.6.61,  51X16 
tangential,  8.6.6X  5.1X16.7 
Biatorting  km  with  object  at  infinity,  for  compnb' 
ing  relatiTe  iUuniinat]o&,  5.1X1  L4L8 
with  finite  object  diatanee,  51X11X4 
Distortionleu  lens  with  object  at  inibdty,  for  oom- 
puting  relative  iliiunxnati<m,  51XlLil 
with  fiinhe  object  dictanee,  5.1X11.4.2 

S 

Effect,  priam,  8.6.6X,  51X17 
Effective  apeztnre,  8X8,  5.1X9 
Element.  3X4 
Environmental  range,  8.71 
Equivalent  focal  kngUi,  81.4,  51X2 
Errora  of  oentration,  8.6.61 

Extended  aocree  method  for  meaanring  T-nmnber 
and  tranamittanee,  5.1X101  for  neasnring  rel* 
alive  ^  5.1X11.1 

F 

Feathera,  8.8.L8 
Featorea,  conatrncUonal,  8.8 
Field,  depth  of,  SXU 
of  view,  8Ji 
tot,  31X12 

Film,  phoCogr^»life,  and  plates,  5.11.5 
types  and  daaafi,  5.1X121 
Flimge  tot,  8X81 
Flare,  3.610 

Flash  discharge  lamps,  5.1X4.1 
f^nnmber,  8X5.1 
marking  of  4.2X1 
Focal  diatanee,  bade,  8.1.6,  5.1X4 
llaitge,  8.1.7,  5.1X5 
front,  8.1X  51X6 
irast  vaitav,  UX  5X2.7 
Focal  kngdi,  calibratad,  8.1JS,  5.1X8 
aqnlrakni,  8.1.4,  5.1XX 
marking  nt  4.IX 
Faeal  ddil»  8.6X1 
Focal  tm,  8X8X1 
Poeaa,  deq^  of,  8X11 
prindpal,  81X2 

Focnaiiig  Boimt,  kna  moontad  in  a,  10X5 
Foendng  aealea,  aeetnracy  of,  4X5.8 
Folds,  8.8.1.4 

Format  atacea  for  air  cameras,  gBoeral  cameras,  8.5 

Preot  of  phe4ographic  km,  MX 

Front  operating  apertofo,  8X7 

Ftent  focal  dlstanea,  8.1X  5.1X6 

Froat  vertex  back  focal  distassce,  81.9,  51X7 


6 

Glare,  veiling,  8.610,  5.L219 
Gkaa,  chemi^  dnr^ility,  8.7.4.4 
optical,  8.71 
types,  8X.9 

Goniometer  method  for  xnessuriivg  distortion, 
51X16X 
Grayneaa,  8XX8 

H 

Hartmann  disk  or  sttnnkr  ring  method  for  measui  - 
ing  ^>herieal  aberration,  5.1X181 
Haae  position,  8.65X2 
High  contrast  target,  5X1.7.1 

I 

Dinmination,  rdative,  8.6.7,  51X11 
Imagv  quality,  8.61 
Index,  ref  I  active,  8.7.41 

Indirect  computation  method  for  memanring  relative 
nhmnnanee,  51X11.4 
Infinity,  5X1X 
Internal  anrfaces,  8.7X 
Iris  diaphragm,  8X4 
marking  of,  4X4 
specifying  a,  10X6 

J 

K 

L 

Lamps,  ftaah  discharge,  51.1.X1 
Laps,  3XL4 

L^eral  dironmtie  aberration,  3.6.41,  5.1.2.141 
Lena,  front  ef  phetegraphic,  8.3.5 
bade  ef  pbelagrapbic,  85.6 
Light,  white,  51X4 
Lines  per  mniimeter,  511.7 

Longitudinal  chromatk  aberration,  3  6.4.1,  5.1.2.14.1 
Low  contrast  target,  5.LL75 

M 

Merkinri,  4.1 
lens,  4.11 
edl,  4.15 

Merhanical  and  straclBral  featarea.  3.4 
Mechanical  axia,  8.1.8 
Medinm  eoatrasi  target,  5.1.]  .75 
Member,  3.85 

Methods,  1,  Eqfnivaknt  focal  length,  r'* ‘**'«Taphir 
method,  5.1X2.1 

lA,  Equivalent  focal  length,  enmbinatio-^ 

method,  51*2.2.1.1 

2,  Eqaiveleat  feeal  length,  nodel  elide 

method  61.2,2  2 

8,  Fffectfw  epertftre.  micrrrrope  irethod, 

S.1.2.91 
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4, 

Effective  aperture,  point  source  method. 

35.  Veiling  glare,  photoelectric  method. 

5| 

6.1X9^ 

T»nun%b«r  and  trmnmittaace.  extended 

5.1J2.19.3 

Microscope  method  lor  measuring  effective  aperture. 

soum  method,  5.1^10.1 

61.2J.1 

6, 

T*Dumber  and  transmittance,  collimator 

Milldnesi,  3.5.15 

method,  5.1.2.10^ 

Miacellaneons  features,  3.7 

7, 

Relative  illumination,  extended  source 

Mold  marks,  3.S.2.9 

5.1.2.11.1 

Monocentric  lens,  5.1.211.4.5 

8, 

Relative  illumination,  collimator 

Mounting,  lens,  10.2 

method,  5.1.2.11.2 

in  a  barrel,  10.2.2 

Relative  illumination,  densitometric 

in  cells,  102.1 

method.  5.1.2.11.3 

in  a  cone,  102.4 

10. 

Relative  illumination,  indirect  compu¬ 

in  a  focusing  mount,  102.5 

tation  method,  5.L2.11.4 

with  shutters,  1022 

11, 

Rcsolvinjr  power,  collimator  method, 
5.1.2.12.1.1 

N 

12. 

Remlvinfr  power,  tanret  ranre  method. 

Nodal  slide  an  optica)  bench,  5.1.12 

5.1.2.12.1.2 

methods,  2.  for  moosurins  equivalent  focal 

13. 

Reaolvinir  power,  viaual,  5.1.2.12.2 

length,  5.1.2,2^ 

14. 

Reaoivrng  power,  projected  photosTa- 

17,  for  measuring  aatiginitiiip  and  cur¬ 

phk,  5J.2.I2.3 

vature  of  field  522232 

15. 

Reaolvinjt  power,  projected  visoal. 

19,  for  measuring  longitudinal  chro¬ 

5a.2.12.4 

matic  aberration,  5.L214.L2 

16. 

Astipmatism  and  curvature  of  held. 

21,  for  measuring  lateral  chromatic 

resolving  power  tarfcet  method. 

aberration,  522.1422 

5.1.2.13.1 

28,  for  measuring  distortion,  5.12.16.4 

17. 

Asti^atism  and  curvature  of  field. 

Numerical  apertures  and  their  corresponding  f-num^ 

nodal  slide  method.  5.1.2.13.2 

bers.  5.1.12 

38. 

Long^itudinal  chromatic  aberration, 
photographic  method,  5.L2.14.1.1 

O 

19. 

Lonaritudinal  chromatic  aberratloTi, 

ObliquitT  angiea  3.6.7.4 

nodal  slide  method,  5.1.2.14.1.2 

Optical  axis,  3.1.1 

20. 

Lateral  chromatic  aberration,  photo¬ 

Optical  bench  and  nodal  slide,  3.1.22 

graph  method,  5.1.2.14.2.1 

Optical  characteristicfs  3.6 

21, 

Lateral  chromatic  aberration,  nodal 

Optical  glass,  3.7.4 

alide  method,  5.1.2.14.2.2 

Optical  system,  32.1 

22. 

Paraxial  ma^ification,  photographic 
method,  5.1.2.15.1.1 

Orange  3.82.10 

23. 

Paraxial  mafrntficatMm.  visual  method. 

P 

5.1.2.15.1.2 

Packaging,  102.9 

24. 

Calibrated  magnification.  5.1.2.15.2 

Parfocalixed,  3.4.6 

25. 

Distortion,  targpet  range  method. 

Peel,  orange,  3.6.2.10 

5.1.2.16.1 

Periormance  designation,  3.7.1 

26. 

Ehstortion,  collimator  hank  method, 

f^hotoclectric  method  of  measuring  veiling  giare. 

5.1.2.16.2 

5.12.192 

27. 

Distortion,  singie  collimator  photo¬ 

Photographic  black  spot  method  for  measuring  veil¬ 

graphic  method,  5.1.2.16.3 

ing  glare,  5.1.2.19.1 

28. 

Dtstei^on.  nodal  slide  method,  5.1.2.16.4 

Photographic  black  strip  method  for  measuring  veil¬ 

29. 

Distortion,  goniometer  method,  5.1.216.5 

ing  glare,  5.1.2.192 

30. 

Distortion,  projection  method,  5.1.2.16.6 

Photographic  plates  and  film,  S.1.1.5 

31, 

Spharica]  aharration,  annular  ring  or 

materials  and  prveeaaing,  5.IX12.I 

Hartmann  disk  method,  5.1.2.18.1 

Photographic  resolving  power,  3  6.2.1,  6.12.12.1 

22, 

Spherical  aberration,  stopped-aperture 

projected,  3.62  3.  5.12.122 

method,  5.1.21E.2 

Photographic  methods,  1  for  measuring  equivalent 

33, 

VeiVfir  glare,  photographic  black  spot 

focal  length,  D.122.1 

miethod,  B.1.2.19.1 

9,  for  weastiMng  relative  mominance. 

34, 

VHllng  glsrr,  photogTSphir  Mark  •;trip 

6.12.11:3 

mrt^,  5.1.2.19.2 

IL  for  mea wiring  resolving  power  by  colltma- 
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tor  method,  5.1.2.12.1.1 

12,  for  memxaring  refolvin^  pwer  by  Urf«^ 
range  method,  5.1.2.12.1.2 
14,  for  meaKiring  projected  resolving  power, 

S  ]  ,2^12-3 

18,  for  measuring  longitudinal  chromatic  aber- 
ratiem,  5.1.2. li.1.1 

20,  for  meaannng  lateral  chromatic  aberration, 
5.1.2.14X1 

22,  for  measuring  paraxial  magniheatioa, 
5.1X16.1.1 

25, »  for  measuring  distortion  by  target  range 

method,  5.1.2.16.1 

26,  for  meaauring  diatortion  by  collimator  bank 
method,  5.1X16.2 

27,  for  measuring  distortion  by  single  collima¬ 
tor  method,  5.1X16.3 

31,  for  measuring  spherical  aberration, 
5.1X18.1 

33,  for  measuring  veiling  glare  by  black  spot 
method,  5.1X18.1 

34,  for  measuring  veiling  glare  by  black  strip 
method,  5JIX19.2 

Plane  of  best  definition,  S.lXl 
over  the  picture  area  (BAIXIPA),  3.1X1. 1 
Plane  of  the  reeeiveT,  3.1-S.2 

Point  source  method  for  measuring  effective  aper¬ 
ture,  5.IX8.2 
Polish,  poor,  3XX11 
Positiem,  base,  S.6.9.1J2! 

of  greatest  concent  ration,  3.6.9.11 
Principal  point  of  autocdlimation,  3.6.6.4 
Prism  effect,  8.6.8 6.1X27 
Projected  fAotographlc  reeohring  power,  3.6X3 
ProjectMl  ••isnal  reserving  power,  3.6X4 
Projection  method  for  measuring  distertkm, 
5.1X16.6 

Q 

Quality  control  and  statistical  data,  10.2.7 
R 

Radial  distortion,  6.1.2.16 
Radial  resohring  power,  8.6.2 
Reams,  3.8.1  XI 
Rear  operating  aperture,  3.2.8 
Receiver,  plane  of  the,  3.1.3.2 
Reference  list,  10.3.1 
Refiection  reducing  coatings,  3.7 
Refraction,  double,  3.7.4.3 
Refractive  index,  3.7 .4.1,  3.8.1. 7,  3. 8.1. 8 
Relative  mumtnation,  3.6.7,  6  l.2.n 
RenditHm.  contrast,  8.6.10 
Resolving  power,  3.8.2 
Photographic,  3X12.1,  3.6.2.1 
protjeoted,  photographic,  3.6.2»3,  5.1.2. 
projected,  lest  plate.  5  1X12.3 
projected,  visuai.  3. 6.2.4,  5.1X12.4 


taget,  5.I.1.7 

target  method  for  measuring  astigmatism  aim 
curvature  of  field,  5.1.2.13.1 
visual,  3.6.2X  5.1X12,2 
Rurv-tns,  3.8.2.3.1 

S 

Sagitta)  resolving  power,  3.6.2 
Scratdkea,  3.8X12 
Setam,  S.8X1S 
Sectioni,  beam,  3.8.7-3 
Shutter,  lens  mounted  in  a,  10X8 
Smears,  3.8X13 

Spanner  wrench  openings,  3.4.7 
Spedftc  hrillianee,  3.6.10 
Speed,  lens,  3X1 

Spherical  aberration,  3.6.9,  5.1X18 
Spots,  m*ater,  3X2.13 
Stain,  3.8X14 

Statistical  data  and  quality  control,  102.7 
Stones,  3X1.6 
Stop,  f*,  4.1.3.1,  4.1.3.3 
fractional,  4.1.4.3 
opening,  4. 1.4.2 
T-.  3X6,  4.1X2,  44.4.4 
T-,  area  weighted  average,  3X6.1 
tolerance  of  marking,  4.1. 4.4 
3U>pped*«pcrtarc  method  for  measvrinr  aphcricai 
aberration,  5.1X18.2 
Strain,  S.8.1,7 
Stray  light,  3.6.10 
Striae,  3.8.1.8 

Symmetry,  point  of,  5.1.2.16.1 
T 

Tangential  distortion,  3.6.6X  5.1X16.7 
Tangential  resolving  power,  8  6.2 
Target,  high  contrast.  5.1.1. 7.1 
low  contrast,  544.74 
medium  contrast,  5.1.1.72 
resolving  power,  54.1.7 

range  method,  for  measuring  resolving  power, 
5.1X12.14 

for  measuring  distortion,  5.1X16.1 
Telephoto.  3.34 
ratio,  3.1.10 
Test  apparatus,  54.1 
Test  cfmditloiis,  5.1. 1.6 
Test  methods,  5.1.2 
THt,  field,  3.1.21.2 
fiange,  34.34 
focal,  3.1 .3X1 

Tranwnittanee,  3.8.8,  5.1.240 
T-nurober,  3X6 

area  weighted  average,  6  T 
T-slop,  3.2.6,  5.1.2.10 
markrngs,  4.1  4.4 
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5SJZ.17LZ  Method  14  —  Projected  photo¬ 
graphic  resolving  power.  This  test  is  intend¬ 
ed  to  be  used  primarily  for  enlarging  lenses 
(type  VI).  A  target  plate  of  the  required 
size  containing  resolving  power  targets 
(light  lines  on  a  dark  background)  and  of 
the  required  range,  and  located  as  shown  in 
Figure  8,  with  one  set  of  the  lines  in  tangen¬ 
tial  and  the  other  set  in  radial  direction,  shall 
be  placed  in  the  object  plane  (film  plane)  of 
the  lens  to  be  tested.  The  targets  shall  be  of 
high  contrast  The  target  plate  shall  be  even¬ 
ly  illuminated  by  light  from  a  condensing 
source.  If  required,  the  light  shall  be  filtered 
to  the  color  required  by  placing  a  filter  be¬ 
tween  the  li^t  source  and  the  target  plate. 
With  the  optical  axis  of  the  lens  perpendicu¬ 
lar  to  the  target  plate,  the  lens  shall  be  fo¬ 
cused  at  the  designated  magnification  and 
aperture,  and  an  exposure  made  on  the 
designated  photosensitive  material.  The 
photosensitive  material  shall  be  held  fiat  in 
a  plane  perpendicular  to  the  optical  axis  of 
the  lens.  The  correct  exposure  shall  be  that 
which  gives  the  maximum  resolution  at  posi¬ 
tion  E  of  ^gure  8.  The  test  plate  is  pro- 
c^sed  in  the  required  manner.  The  resolving 
power  shall  be  read  by  observing  the  dry 
test  plate  under  suitable  magnification.  The 
figures  referred  to  in  measuring  resolving 
power  by  this  method  are  the  lines  per 
millimeter  on  the  target  plate.  It  is  recom¬ 
mended  that  enlarging  lenses  be  tested  at  a 
magnification  of  1:2  using  medium  contrast 
gkwsy  chlorobroroide  paper  processed 
minutes  in  D72  developer,  •  diluted  1:2  at 
68“  F. 

5.1.2.12.4  Method  15  —  Projected  vistud 
resolving  powerV  This  test  is  intended  to  be 
used  primarily  for  projection  lenses  (t3T)e 
V'li) .  A  test  object  of  the  required  size  con¬ 
taining  high  contrast  resolving  power  targets 
(dark  lines  on  light  background)  of  the  re¬ 
quired  range  and  placed  as  shown  in  Figure 

*  Aiwirtiiin  teukdard  )Utbod  tor  DoUnrabtlor  fionolrhiff 
Tvmm  UonMo  for  ^ro^ooton  for  tl^ana.  S'dr  FUm 

X  aum,  rst  (liori-d  1M2). 


Ficubc  B.  Projected  Reeclvtng  Power  Test  Plate 


under  test  upon  a  matte,  white,  grainless 
screen.  This  screen  shall  be  located  at  such  a 
8  shall  be  projected  by  means  of  the  lens 
distance  from  the  projector  that  unless  other¬ 
wise  specified  the  long  dimension  of  the  pro¬ 
jected  image  will  be  at  least  40  inches  rn 
order  that  tbe  observer  will  have  no  difficulty 
in  distinguishing  the  number  of  lines  resolv¬ 
ed.  The  resolving  power  of  the  lens  at  any 
point  in  the  field  Ls  the  largest  number  of. 
lines  per  millimeter  in  the  teat  object  that  an 
cl)SGrysv,  closs  tc*  scrtKin,  &96S  definitely 
resolved  (easily  counted)  in  both  radial  and 
tangential  directions  in  the  projected  Image. 
Care  shall  be  taken  to  insure  that  the  screen 
is  perpendicular  tc  the  optical  axis  of  the 
projection  lens,  and  that  the  lens  is  focused 
so  that  the  image  at  the  center  of  the  test 
plate  has  maximiun  contrast.  The  projector 
used  in  this  test  may  be  a  regular  produc¬ 
tion  model  or  a  special  test  projector.  The 
glass  test  object  shall  be  fiat  and  het<j  con¬ 
centric  with  and  normal  to  the  optical  axis 
of  the  projection  lens.  The  cone  of  light  from 
the  projection  lamp  through  a  condensing 
system  shall  completely  fill  the  entrance  pupil 
of  the  projection  lens.  The  test  object  sh<4.1i 
be  uniformly  illuminated. 

5.1.2.13  Astigmatism  and  curvature  of 
field. 

5.1.2.13.1  Method  18  —  liesolving  pou'cr 
target  method.  By  means  of  any  of  the  meth¬ 
ods  for  measuring  i-erolvlug  power  specified 
in  methods  11  through  16,  resolving  power 
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shall  be  determined  for  different  positions 
of  the  test  plate  in  the  inaage  space.  The  test 
plate  or  plates  are  exposed  in  small  steps,  at 
different  distances  along  the  optical  axis  of 
the  lens.  The  length  of  each  step  depends 
upon  the  corrections,  focal  length,  and  aper¬ 
ture  of  the  lens  being  tested,  A  sufficiently 
large  number  of  steps  shall  be  taken  to  in¬ 
sure  at  least  three  steps  on  each  side  of  the 
best  focus  position  for  both  radial  and  tan¬ 
gential  lines  at  any  angular  position.  Upon 
reading  the  targets,  the  position  of  best  focus 
shall  be  determined  (for  radial  and  tangen¬ 
tial  lines  separately)  at  which  the  resolution 
is  a  maximum  at  each  angular  setting.  These 
focus  positions  are  plotted  against  angular 
settings,  and  two  curves  representing  the 
two  image  surfaces  are  obtained.  The  curve 
representing  curvature  of  field  is  a  median 
drawn  between  the  two  curves  representing 
the  image  surfaces.  (See  3.6.3.)  The  astig¬ 
matic  difference  is  obtained  by  taking  the 
difference  in  the  focal  setting  at  a  specific 
angle  for  the  two  image  surfaces. 

.5.1.2,13.2  Method  17  —  Nodal  slide  method. 
This  method  may  be  used  in  lieu  of  method 
16.  In  this  method  the  lens  to  be  tested  shall 
be  set  up  in  front  of  a  suitable  collimator 
equipped  with  a  target  containing  vertical 
and  horisontal  lines  and  centered  so  that  the 
optical  axis  is  parallel  to  the  collimator  axis 
and  coincident  with  the  axis  of  the  observing 
microscope.  The  lens  shall  be  moved  along 
the  microscope  axis  until  the  axis  of  rota¬ 
tion  of  the  nodal  slide  intersects  the  rear 
node.  The  microscope  shall  be  focused  on  the 
axial  image  and  the  position  of  the  micro¬ 
scope  notedr  The  lens  shall  then  be  rotated 
about  the  axis  through  the  rear  node  and 
perpendicular  to  the  optical  axis  of  the  lens. 
At  multiples  of  antrular  positions  of  1^4 
degrees  out  to  the  edge  of  the  field,  the 
microscope  shall  be  seoaratelv  focused  on  the 
radial  and  tangential  lines.  The  focal  change 
from  the  axis  position  shall  be  noted  at  the 
angular  field  positions  for  the  rwdial  and 
tangential  lines.  To  obtain  curves  such  as 


specified  in  method  16,  the  factor  f(l* 
cos  /?)  /cos  ^  is  subtracted  from  the  micro¬ 
scope  settings,  and  this  difference  is  multi¬ 
plied  by  the  cos  p.  If  a  flat  field  bar  is  used 
at  the  microscope  it  is  not  necessary  to  sub¬ 
tract  the  factor  f(  1-cos  /5)/cos  p.  When 
curves  are  obtained,  the  procedure  for  deter¬ 
mining  the  curvature  of  field  is  the  same  as 
that  in  method  16. 

5.1.2.14  Color  correction.  When  the  image 
quality  is  found  satisfactory  on  the  basis  of 
other  applicable  tests,  the  color  correction 
can  also  be  considered  as  satisfactory.  Direct 
measurements  of  color  corrections  may  be 
needed  when  some  special  color  requirements 
are  to  be  met.  These  measurements  may  be 
specified  in  terms  of  minimum  resolving 
power  or  limits  on  individual  color  correc¬ 
tions. 

5.1.2.14.1  Longitudinal  chromatic  aberra¬ 
tion. 

5.1.2.14.1.1  Method  18  —  Photographic 
method.  Photographic  resolving  power  meas- 
urmenents  shall  be  made  as  specified  in 
method  11  or  12,  utilising  light  of  the  colors 
designated,  repeating  the  test  for  each  color. 
The  light  used  may  be  supplied  by  a  mono¬ 
chromator  or  it  may  be  filtered  white  light, 
as  specified.  The  focus  positions  at  which 
the  maximum  resolving  power  (AWAR  un¬ 
less  otherwise  specified)  is  obtained  shall  be 
determined  for  each  color.  The  longitudinal 
color  aberration  for  a  particular  color  is  the 
difference  in  focal  setting  for  this  color  and 
white  light,  or  for  this  color  and  a  specified 
color.  WTien  the  focal  setting  for  the  first 
color  is  greater  than  the  focal  setting  for  the 
reference  color  or  white  light,  the  longitu¬ 
dinal  chromatic  aberration  is  said  to  be 
posi  ive.  Generalh'.  the  reference  color 
.shoii'd  be  towards  the  red  end  of  the  spec¬ 
tral  range  under  consideration. 

5.1.2.14.1.2  Method  19  —  Nodal  slide  metli. 
od.  When  specified,  a  nodal  slide  optical 
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3.1J2.2.1  When  j.  lena  is  supplied  in  cells, 
without  barrel  o*  shutter,  the  locatinjr  sur¬ 
face  of  the  lens  mount  is  defined  as  the  seat¬ 
ing  surface  of  the  rear  cell. 

3.1.3  Mechanical  axis.  The  mechanical  axis 
of  a  lens  is  that  continuous  straight  line  in 
space  perpendicular  to  the  plane  of  the  flange 
or  locating  surface  of  the  lens  mount  and 
passing  through  the  center  of  symmetry  of 
the  flange  or  locating  surface. 

3.1.3.1  Flange  tilt.  The  flange  tilt  of  a  lens 
is  the  ai)  rie  between  the  optical  axis  and  the 
mechanic  al  axis. 

3.1.3.2  Plane  of  the  receiver.  The  plane  of 
the  receiver  is  that  plane  in  the  image  space 
in  which  the  receiver  or  the  film  in  a  camera 
is  located. 

3.1.3.2.1  Focal  tilt.  The  focal  tilt  is  the 
angle  between  the  plane  of  best  definition 
and  the  plane  of  the  receiver  due  to  the  me¬ 
chanical  structure  between  the  lens  flange 
and  the  receiver.  It  is  not  a  true  characteris¬ 
tic  of  the  lens  alone. 

3.1.4  Equivalent  focal  length.^  The  equiva¬ 
lent  focal  length,  or  EFL,  often  referred  to 
more  simply  as  the  focal  length,  determines 
the  scale  of  the  image  produced  by  the  ’ens. 
WTien  a  5'iven  objec'  is  at  an  infinite  dista  ice, 
images  produced  by  distortionless  lensc  of 
the  same  equivalent  fopal  leng- h  will  be  e  ,ual 
in  size,  and  images  produced  b..  lenses  of  dif¬ 
ferent  equivalent  focal  lengths  will  var  '  in 
size  directly  as  the  respective  equivalent 
focal  lengths.  The  equivalent  focal  length  's 
defined  by  the  equation : 

Y 

EFL  =  - 

tan  /3 

)3  9^  0  (1) 

■  ABMTican  UaChod  of  DMlgnotinB  and  Mounriac 
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where  ■/  is  ihe  transverse  distance  from  the 
principal  focus  to  the  center  of  the  ima^  in 
the  imago-space  focal  plane  of  an  infinitely 
distant  object  point  which  lies  in  a  direction 
making  an  angle  with  the  optical  axis.  The 
equivaler  .  focal  length  shall  be  measured  in 
accordance  with  5.I.2.2. 

3JL.5  Calibrated  focal  lengths  The  cali¬ 
brated  focal  length,  or  CFL,  is  defined  as  an 
adjusted  value  of  the  equivalent  focal  length 
of  a  lens  mounted  in  a  camera  or  cone,  so 
chosen  as  to  distribute  the  distortion  in  the 
manner  bes*^  suited  to  conditions  under  which 
the  photograph  is  to  be  employed.  The  caU- 
brated  foc«  1  length  shall  be  determined  in 
accordance  with  5.I.2.S.  The  calibration  con¬ 
ditions  shall  be  covered  by  the  detailed  speci¬ 
fication. 

3.1.6  Baek  focal  distance.  The  back  focal 
distance,  or  BF,  is  defined  as  the  distance 
measured  from  the  vertex  of  the  back  sur¬ 
face  of  the  lens  to  the  plane  of  best  defini¬ 
tion.  The  back  focal  distance  shall  be  meas¬ 
ured  in  accordance  with  '5.I.2.4. 

3  J.7  Flange  focal  distance.  The  flange  focal 
distance,  or  FD,  is  defined  as  the  minimum 
distance  from  the  cmiter  of  symmetry  of  the 
lens  flange  in  the  plane  of  the  flange  to  the 
plane  of  bi  t  definition.  In  a  perfect  lens,  this 
distance  is  measured  along  the  mechanical 
axis  which  coinc  ides  with  the  axis  of  best 
defmition.  The  fli.nge  focal  distance  shall  be 
measured  in  accordance  with  5.I.2.5. 

3.1.8  Front  focal  distance.^  The  front  focal 
distance,  or  FF,  is  defined  as  the  distance 
measured  from  the  principal  focus  located 
in  the  front  space  to  the  vertex  of  the  front 
surface.  The  front  focal  distance  shall  be 
measured  in  accordance  with  5. 1.2.6. 

3.1.9  Front  vertex  back  focal  distance.^  The 

*  Sm  fuutiioto  !• 

*  Sm  fdotnofto  1. 
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front  vertex  back  focal  distance,  or  FVD,  is 
define^  as  the  distance  measured  from  the 
prindpal  foc<;s  in  the  back  space  to  the  ver¬ 
tex  of  the  front  surface.  The  front  vertex 
ba^  focal  distance  shall  be  ineasured  in 
accordance  with  S.|..2.7. 

■.  i 

3.1  JO  Telephoto  roHp.  The  telephoto  ratio 
is  defined  as  tiie  direct  ratio  oi  the  equivalent 
fpcad  length  to  the  front  vertex  back  focal 
distance. 

9,l,|.l  Depth  fit  ’  yevM  and  di-pth  of  field. 
For  every  plane  in  t  Te  object  space,  a  photo¬ 
graphic  lens  product  T  an  ipia^e  plane  of  best 
d^nition  in  bnesre  .^ce-  In  front  of  or 
h«hin<i  this  plane  c€  bestvdefinition  Is  a  region 
within  whidi  the  kpages  of  the  sdected  oh- 
ject  plane  are  of  sj^faetoxy  .^wdity.  The 
i^iafanpjj  sepax^lng  the  focal  Planes  hxmd- 
ing  regi^  is  fhe  depylh  of  focus  fw  the 
sdected  pbj<aB!t  plan**  Sijnidariy,  thmse  exists 
a  region  in  ^utoe  within  -which  objects  axe 
imaged  with  satisfactory  quality  on  a  ee- 
lected  image  {dane.  The  <Mstance  separating 
the  idanes'  bounding  region  is  the  depth 
of  fidd.  The  extent  of  these  regions  of  satis¬ 
factory  focus  may  Jbe  defined  in  terms  of  a  10 
percent  reduction  of  aree  weighted  average 
resolution  <AW^  R)  belpw'  that  obtained  at 
the  best  food  poeitkm.  . . 

3^  APEimJRi:  AUD  Ri^ATED  QUAK- 
TTlfBS. 

34:4  Lens  tpeed.  lene  ^[wed  is  tiiat  prop¬ 
erly  of  a  lena  which  affects  the  image  il¬ 
luminance.  Lens  speed  shall  be  specified  in 
terms  of  the  following  eaqiressions:  aperture 
ratio,  rdative  aperture,  or  T-stop. 

344  Apertttre  ratio.*  aperture  ratio 
is  the  ratio  1:N  or  the  fraction  1/N  (writ¬ 
ten  in  this  manner  with  the  fii  -t  member  of 
the  ratio,  or  the  numerator  of  the  fraction. 

« AmaricAn  SUndAiti  Mathoda  ol  DwiiniRti  'iff  ffnd  MAMortliR 
Aparturw  and  Baiatad  QuanUtiaa  Partainin ;  to  Pbotosras^ 
hmam,  ZSS.i^— 1948. 


equal  to  1)  where  N  is  defined  by  the  equa¬ 
tion: 

1 

N  - - 

2n  sin  a 

In  this  formula,  p  is  the  index  of  refractior 
of  the  medium  in  lyhudi  the  image  is  fonrt.I 
(approximately  tf  if  the  image  is  formed  in 
the  air)  anfl  a  is  the  angle  sul-tended  at  the 
a-yiai  point  of  tiic  image  by  the  semidian.  ter 
of  the  exit  pupil  of  ttie  lens  at  a  given  dui- 
phragm  setting.  If  the  exit  pupil  is  not  cir¬ 
cular,  l^e  equivalent  circle  having  the  same 
area  as  the  accuai  r.xit  pupil  diould  be  used. 
Thus,  for  an  objiective  ip  air,  the  ainerturo 
is  .equal  to  2  sin  a.  If  the  aperture  ratio 
la  given  without  qualificati^,  its  value  is 
that  corresponding  to  the  largest  indicated 
^1tnpii.ragT>;i  opening  and  an  infinitely  distant 
object.  If  the  object  is  at  a  finite  distance,  t^  c 
yalue  of  the  apertuxe  ratio  should  be  qualified 
by  a  statmnent  of  the  corresponding  nmgnifi- 
cation.  The  aperture  ratio  is  applicable  for 
the  deterinination  of  exposure  time  wher 
the  object  is  at  an  infixiite  or  a  fini,t(  dis¬ 
tance.  For  any  magnification,  the  exposure 
time  is  inversely  proportional  to  the  square 
of  N.  Thus,  tile  aperture  ratio  is  a  measure 
of  the  image  illuminance.  (For  teat  procedure 
see  >6.1.24). 

-.844  Effective  aperture.^  The  effective 
aperture  of  a  photograpme  objective  for 
distant  objects,  for  a  given  setting  of  the 
diaphragm,  is  an  opening  equivalent  to  a 
right  section  of  the  largest  beam  of  parallel 
Hfht  frmn  an  axial  object  point  that  is  trans¬ 
mitted  by  the  lens.  It  is  usually  circular,  or 
appro>.imately  so,  and  is  specified  by  its  dia¬ 
meter.  If  the  section  is  not  circular,  the  effec¬ 
tive  diameter  shall  be  the  diameter  of  a  cii  cle 
having  the  same  ecmivalent  area.  (For  :ast 
procedure,  see  5.i.-.9.) 

34.4  Clenr  aperiure.^  The  ^  iear  apert  r*; 
of  each  surface  in  a  lens  system  is  the  ni;  xi- 
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mum  clea  opening  Cx  the  surface  which  is 
actually  u>ed  in  forming  an  image  in  any 
part  of  thi  field;  The  mount  aperture  at  each 
surface  sh  ill  be  at  least  as  large  as  the  clear 
aperture  in  order  that  vignetting  will  not 
exceed  the  computed  value.  The  clear  aper¬ 
ture  is  usually  circular  and  specified  by  its 
diameter,  -t  is  sometimes  referred  to  as  the 
free  apenure. 

0.2.5  Re.  uift  aperture.^  The  relative  aper¬ 
ture  shall  oe  defined  as  the  ratio  of  the  EFL 
to  the  diameter  of  the  effective  aperture.  The 
symuol  for  relative  aperture  shah  be  1/ 
followed  by  a  numerical  value.  It  is  written 
as  a  fraction,  for  example,  f/2  signifies  that 
the  diameter  (vf  the  effective  aperture  is  one- 
half  the  focai  length.  For  an  object  at  an 
infinite  distan>.'e,  the  denominator  of  the  rela¬ 
tive  aperture  .md  the  second  member,  N,  of 
the  aperture  ratio  are  identical,  provided-the 
image  is  formed  in  air  and  the  imagery  obeys 
the  sine  condition. 

3.2.5.1  i •number The  f-number  shall  be 
defined  as  the  denominator  in  the  expression 
for  the  relative  aperture.  Thus,  if  the  rela- 
*’ve  aperture  is  f/2,  the  f-number  is  2. 

3.2.6  Tstop  and  T-number.’’  The  T-stop  is 
referred  to  as  the  aperture  of  a  lens  cali¬ 
brated  photometrically  and  assigned  a  T- 
n  umber,  which  is  the  f-number  of  a  circular 
opening  ir.  a  fictitious  lens  having  100  per¬ 
cent  transmittance,  and  which  gives  the  same 
central  image  illuminance  as  the  actual  lens 
at  the  specified  stop  opening.  Hence,  for  a 
lens  with  a  circular  aperture,  the 

f.number 

T-nv,mber  - - (3) 

vt  ■ 

where  t  is  the  transmittance.  For  a  lens  with 
.'.r:  fftective  :i:>ertiire  o'  any  shape  and  area 
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A,  the  corresponding  formula  is : 


f 

T-number  =  - 

2 


vl) 


The  transmittance  of  the  lens  shall  be  defined 
as  the  ratio  of  the  transmitted  light  flux  to 
the  incident  light  flux.  The  symbol  for  the 
T-atop  shall  be  T  followed  by  a  space  and  a 
numerical  value  —  for  example,  T  2.  The 
numeral  2  represents  the  T-number.  (F  r 
test  procedure,  see  5.1.2.10.) 


3.2.6.1  Area  weighted  average  ■. 

The  T-number  as  defined  in  3.2.6  is  a  cu;  - 
parative  measure  of  illuminance  on  the  ax:  - 
of  a  lens.  Since  the  illuminance  usually  varie.- 
over  the  field,  a  need  may  exist  for  determin¬ 
ing  T-numbers  for  off  axial  im^ge  points  and 
computing  an  average  T-number.  In  accord¬ 
ance  with  the .  basic  photometric  relation¬ 
ships  involved,  the  general  definition  of  T- 
number  is  given  as 

T,  =  vB/Et  (5) 

Since,  in  accordance  with  this  definition. 


In  these  expressions,  Tt  is  the  T-number  for 
an  image  point  in  a  zone  i,  To  is  the  axial 
T-number,  S  is  the  object  luminance,  E,  is 
the  illuminance  on  the  axis,  and  E|  is  the 
average  illuminance  for  the  zone.  Compatible 
units  should  be  used  for  quantities  B,  Eo, 
and  El.  When  the  illuminance  is  averaged 
over  the  field,  weighting  the  average  by  the 
area  of  the  circular  zone  in  which  the  illumi¬ 
nance  is  determined,  and  this  average  is  sub¬ 
stituted  for  El  in  equation  (6),  the  resulting 
T-number  is  called  the  area  weighted  aver¬ 
age  T-number,  or  AW  AT.  For  circular  zones 
which  extend  beyond  the  ooundaries  of  the 
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picture  format,  only  the  area  lying  within 
the  format  shall  be  used  in  determining  the 
weighting  ratios.  The  equations  for  comp  it- 
ing  AWAT  are: 


AWAT  = 


(7) 


'  r  AWAT  - 


(.8) 


in  which  A  is  the  trial  area  of  the  picture 
format,  A,  is  the  ai*ca  of  a  particular  zone, 
and  <r,  is  the  average  relative  illuminance  for 
that  zone  expressed  in  percent. 


3,2.7  Front  operntinp  aperturt.  The  front 
operating  aperture  is  defined  as  the  limiting 
aperture  at  the  front  of  the  lens.  It  will  usual¬ 
ly  be  given  as  the  maximum  diameter  of  the 
entrance  cone  at  the  front  vertex  for  the 
specified  field  of  view  at  infinity  focus. 


3J2.8  Rear  operating  aperture.  The  rear 
operating  aperture  is  defined  as  the  limiting 
aperture  at  the  rear  of  the  lens.  It  will  usual¬ 
ly  be  given  as  the  maximum  diameter  of  the 
emergent  cone  at  the  rear  vertex  for  the 
specified  field  of  view  at  infinity  focus. 

3.3  CONSTRUCTIONAL  FEATURES. 
Pertinent  features  include  details  of  the  .  jn- 
struction  of  the  len^.  These  may  relate  to  the 
phvsical  configuration,  or  arrange -neni  of 
the  individual  elements,  to  some  specified 
optical  characteristic  or  to  the  nomenclature 
of  the  various  parts.  Constructional  features 
of  photographic  lenses  are  listed  with  defini¬ 
tions  and  explanatory  data. 


3.3.1  Optical  system.^  The  optical  system 
includes  aU  the  parts  of  a  photo^phic  lens 
and  accessory  optical  parts  which  are  de¬ 
signed  to  contribute  to  the  formation  of  an 
image  on  the  photographic  emulsion  or  on  a 
screen  for  viewing. 

*  ■*—*«■*  WuuwuBlanw  iir  TtaU  ti  • 
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3.3.2  Member.*  A  member  of  a  photo¬ 
graphic  lens  is  a  group  of  parts  considered 
as  an  entity  because  of  the  proximity  of  its 
parts  or  because  it  has  a  distinct  but  not 
always  entirely,  separate  function. 

8.S.S  Componert.*  A  component  of  a  photo¬ 
graphic  lens  is  a  subdivision  of  a  member.  It 
may  consist  of  two  or  more  parts  cemented 
together  or  with  near  and  approximate!/ 
matching  surfaces. 

3.5.4  Element.*  An  element  of  a  photo¬ 
graphic  lens  is  a  single  uncompounded  lens, 
i.«.,  a  part  constructed  of  a  single  piece.  Thd 
total  number  of  elements  is  a  significant  con¬ 
structional  feature  of  a  lens. 

3.3.5  Front  of  photographic  lens.*  The 
front  of  a  photographic  lens,  in  general,  Is 
the  end  carrying  the  engraving,  and  usually 
facing  the  longer  conjugate.  In  lens  draw¬ 
ings,  the  front  generally  faces  left  or  up.  A 
notable  exception  is  certain  lenses  intended 
to  be  used  in  photomicrography  in  which  the 
front  of  the  lens  faces  the  shorter  conjugate. 

3.5.6  Back  of  photographic  lens.i  The  back 
of  f  photographic  lens,  in  general,  is  the  end 
carrying  the  mounting  thread  or  other 
attaching  means  and  usually  facing  the 
shorter  conjugate. 

3  3.7  Name  of  design.  Designs  of  lenses  in 
wh  rh  particular  configurations  of  element^ 
are  employed  are  often  given  names.  These 
nam'?s  are  usually  trade  names,  and  the  name 
ordi’  arily  applied  to  any  particular  configu- 
rati  m  is  usually  the  trade  name  of  the  oldest 
design  of  a  particular  type  such  as  “Tessar.” 
In  some  cases,  however,  the  design  name 
may  not  be  a  trade  name  but  may  be  based 
on  some  feature  of  the  lens  configuration 
such  as  “Symmetyical.” 


3.3.8  Telephoto.  A  telephoto  lens  is  defined 
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as  a  lens  for  which  the  telephoto  ratio  is 
grater  than  one.  (See  3.1.10.) 

3.3.9  Glass  types.  A  constructional  feature 
is  the  type  of  optical  glass  of  which  each 
element  is  made. 

3.4  MECHANICAL  AND  STRUCTURAL 
FEATURES. 

iAA  Cell.  A  cell  is  a  mechanical  structure 
holding  an  element,  component,  or  member. 

3.4.2  Barrel.  A  barrel  is  a  mechanical 
structure  in  which  the  lens  is  mounted. 

3.4.3  Cone.  A  cone  is’  defined  as  the 
mechanical  structure  to  which  a  l«is  barrel 
or  shutter,  with  lens,  is  attached  in  order  to 
bring  the  image  in  focus  in  the  film  plane  of 
a  specific  aerial  camera. 

3.4.4  Lens  diaphragm.  A  lens  diaphragm 
is  a  mechanical  device  for  reducing  the 
eflfectlve  aperture  of  a  lens.  It  may  take  the 
form  of  an  iris  or  a  Waterhouse  stop.  ^  iris 
diaphragm  consist  of  leaves  providing  an 
opening  continuously  variable  in  size.  A 
Waterhouse  stop  is  a  rmnovable  aperture  of 
fixed  size  which  fits  in  the  lens  barrel.  Water- 
house  stops  are  usually  provided  in  a  graded 
series  of  apertures. 

3.4.5  Iris  diaphragm^eontrol.  Unless  other¬ 
wise  specified,  when  looking  at  the  front  of 
a  or  remote  control  knob,  a  counter¬ 
clockwise  rotation  of  the  diaphragm  control 
■hall  reduce  the  aperture  or  stop  the  lens 
down. 

3.4.6  Parfocalized.  Lenses  mounted  in  bar¬ 
rels  may  be  specified  as  parfocalized,  i.e.,  the 
flange  focal  distance  may  be  specified  to  close 
tolerances  that  would  secure  an  image  in 
satisfactory  focus  when  the  lenses  are  inter¬ 
changed  on  a  camera. 
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3.4.7  Spanner  wrench  openings.  When  re¬ 
quired  in  order  to  facilitate  removal  of  cells, 
elements,  components,  or  members  from  a 
cell  or  barrel,  there  shall  be  two  openings 
180  degrees  apart  for  application  of  a  span¬ 
ner  wrench.  Each  opening  shall  either  be 
circular  in  shape,  or  a  slot  with  parallel 
sides. 

3.5  FIELD  OF  VIEW.  The  field  of  view  of 
a  lens  is  a  measure  of  the  size  of  the  image 
area  or  conjugate  object  airea  which  is  satis¬ 
factorily  reproduced.  This  field  may  be  de¬ 
fined  in  terms  of  the  maximum  size  of  tte 
negative  or  projection  material  with  which 
the  Ifflia  is  to  be  U8ed.i»  The  angular  measure 
for  fidd  of  view  is  the  half  angle,  which,  un¬ 
less  otherwise  specified,  is  the  angle  sub¬ 
tended  at  the  first  nodal  point  by  the  optical 
axis  and  a  straight  line  to  an  object  point 
which  is  imaged  at  the  extreme  corner  of  the 
negative.  For  a  projected  image,  the  half 
angle  is  the  angle  subtended  at  the  second 
nodal  point  by  the  optical  axis  and  a  line  to 
the  image  point  conjugate  with  the  extrmne 
comer  of  the  projection  material.  The  half 
angle  is  sometimes  referred  to  the  side  of 
the  image  area  and*  in  such  cases  it  shall 
always  be  so  specified.  The  field  of  view  may 
ftlan  be  designated  as  the  total  field  angle 
which  is  twice  the  half  angle.  Coverage  is  a 
less  precise  term  for  field  of  view. 

3A  OPTICAL  CHARACTERISTICS.  Opti¬ 
cal  characteristics  include  all  properties  of  a 
affecting  Its  optical  performances  such 
as  image  quality,  distortion,  transmittance, 
image  color,  and  condenser  characteristics. 
When  specifying  optical  characteristics  or 
individual  aberrations,  Ihe  definitie  ns  and 
nomenclature  set  forth  herein  shall  be  used. 

3.6JL  Image  quality.  Image  quality  em- 
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braces  all  the  properties  of  a  lens  affecting 
the  quality  of  the  image  such  as  resolving 
power,  abenrations,  image  defects,  and  veil¬ 
ing  Aberrations  are  optical  defects  in¬ 
herent  in  the  lens  design.  Because  of  manu¬ 
facturing  vaiiationa,  it  often  happois  that 
the  measured  aberrations  differ  from  the 
computed  idierrations.  Imag*  defects  are 
optical  defects  not  inherent  in  the  lens  design 
and  resulting  entirely  from  manufacturing 
and  THonnting  vailationa.  ^lia  standard  is 
Iffimarily  concerned  with  optical  perform¬ 
ance.  Optical  performance  can  be  measured 
in  terms  of  resolving  power,  or  specific 
optical  characteristicB. 

8.6 JS  RwoMng  powtr.  The  resolving  power 
of  a  lens  is  a  measure  of  its  ability  to  image 
closely  spaced  objects  so  that  they  are  recog¬ 
nisable  aa  individual  objecta.  resolving 
power  shall  be  expressed  in  Unea  per  milli¬ 
meter,  usually  in  tiie  shout  conjugate  plane. 
Besolving  power  la  measured  by  photograph¬ 
ing  or  observing  suitable  test  charts  at  speci¬ 
fied  angular  distances  from  the  center  cf 
the  field.  The  test  charts  shall  erasist  of 
groups  of  parallel  straight  lines  and^spscea 
of  equal  width;  the  resolving  poww  is  the 
reciprocal  of  the  oenter-to-eenter  diataiice 
of  the  lines  that  are  just  dlitingnitthidfle  in 
the  recorded  image.  By  **ja8t  distinguish¬ 
able'’  is  meant  that  the  observer  is  able  to 
count  the  correct  numbtf  of  lince  in  the  re- 
ocvded  images  over  the  entire  length  of  ths 
Hwmi  Mid  in  correct  orjentation,  subject 
to  tile  provision  that  BO  eoazeer  pattern  Aall 
be  unresidved.  The  appeanmee  of  resolution 
in  a  finer  pattern  after  faihire  to  reaolve  a 
ooaraer  pattern  is  an  indication  of  the  prea- 
enoa  of  spurious  resolution.  Spurious  resoln- 
tion  is  a  phenomenon  ^erdn  fine  lines  are 
raaolved,  yet  coaree  Itnaa  are  not.  For  non- 
aadal  poix^  it  is  necessary  to  conmder  the 
oriaatation  of  the  lines.  For  csample,  the 
rewlving  power  for  radial  lines,  or  "radial 
xeeplving  power" :  (sometimea  called  "sagittal 
resolving  power"),  at  a  given  point  in  the 


image  j  lane  is  the  resolving  power  for  close¬ 
ly  spaced  lines  that  are  parallel  and  adjacent 
to  the  radius  drawn  from  the  center  of  the 
field  to  the  given  point  Resolving  power  for 
tangential  lines,  or  "tangential  resolving 
power,"  is  the  resolving  power  for  closely 
spaced  parallel  lines  that  are  tangent  and  ad¬ 
jacent  to  a  circle  drawn  through  the  give  i 
point  whose  center  lies  at  the  center  of  the 
field.  Resolving  power  may  be  specified  as 
min-itniim  acceptable  resolving  power,  re¬ 
gardless  of  whether  radial  or  tangential  at 
specified  angles  from  the  optical  axis  of  the 
lens,  or  it  may  be  sjiecified  at  both  Tninitnum 
acceptable  radial  and  minimum  acceptable 
tangential  resolving  power  at  specified  angu¬ 
lar  diatAttrjm  from  the  optical  axis.  The  aver¬ 
age  resolving  power  weighted  in  terms  of 
the  area  of  the  negative,  the  area  weighted 
average  resolution  (AWAR),  provides  a 
single  value  by  which  the  resolving  power 
for  the  entire  field  may  be  specified.  (See 
S.1.2.1.1  and  3.6.2.5.) 

3.6J2J.  Photographic  recolving  power. 
Photographic  resolving  power  is  ^  used  in 
specifying  and  measuring  performance  of 
type  I,  II.  ni,  IV,  V,  IX,  Xn,  and  Xm  lenses 
Mid  is  the  greatest  number  of  lines  per  milli¬ 
meter  recorded  photographically  as  aeparate 
Hnwa.  A  target  pattern  is  eonsidwed  ruolved 
when  it  meets  the  conditions  described  in 
8.6J2.  Fhotographie  resolving  powv  depends 
markedly  on  the  photographic  conditions 
onployed,  and  on  tiie  presence  of  back¬ 
ground  glare  from  the  illuminated  target. 
When  specifying  photographic  resolving 
power,  it  is  necessary  also  to  qieeify  the 
color  of  light  to  be  used,  the  type  of  photo- 
seneitive  material  and  processing,  tixe  lois 
speed  at  which  the  test  is  made,  the  contrast 
of  the  target,  and  the  magnification  or  focus 
at  whidi  the  lens  is  tested.  (See  6.1.2.12.L) 

S.6X  ;  yimwl  TesoVving  power.  Visual  re¬ 
solving  power  is  used  in  specifying  and 
measuring  of  tsqjie  X  lenses,  and  is  defined 
as  tiie  greatest  number  of  lines  per  miUi- 
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meter  in  the  image  of  a  test  target  pattern 
that  are  just  barelj'  distinguishable  as 
separate  lines  under  adequate  magnification. 
When  specifying  visual  resolving  power  it  is 
necessary  also  to  specify  the  target  contrast. 
(See  5.1.2.12L2.) 

3.6.2.3  Projected  photographic  resolving 
power.  Projected  photographic  resolving 
power  is  used  in  specifying  and  measuring 
the  performance  of  tvpe  VI  lenses  and  is 
defined  as  the  greatest  number  of  lines  per 
millimeter,  in  the  object  plane,  that  are  bare¬ 
ly  distinguishable  as  separate  lines  when 
observing  under  magnification  a  photo- 
graphicall  ’  recorded,  projected  image  of  a 
suitable  h  st  target.  (See  5.1.2.12.S0  When 
specifying  projected  photographic  resolving 
power  it  is  necessary  also  to  specify  lens 
speed,  focus,  magnification,  t3rpe  of  illumina¬ 
tion,  contrast  of  target,  tsnpe  photosensitive 
material  and  its  processing. 

3.6.2.4  Projected  visual  resolving  power. 
Projected  visual  resolving  i>ower  is  used  in 
specifsdng  and  measuring  the  performance 
of  type  VII  lenses  and  is  defined  as  the 
greatest  number  of  lines  per  millimeter  in 
the  object  plane  that  are  distinguishable  as 
separate  lines  in  the  projected  image.  When 
specifying  projected  visual  resolving  power, 
it  is  usually  understood  to  imply  a  high  con¬ 
trast  target  (dark  lines  on  light  back¬ 
ground).  (See  5.1J3.12.4.) 

3.6J2.5  Area  weighted,  average  resolution. 
A  single  average  value  for  the  resolution 
over  the  picture  format  may  be  determined 
for  any  given  focal  plane  as  the  area 
weighted  average  resolution,  or  AWAR.  To 
determine  the  AWAR,  the  picture  format  is 
divided  into  concentric  annular  zones  whose 
boundaries  are  determined  from  the  angles 
which  are  midway  between  successive  test 
angles.  For  zones  which  extend  beyond  the 
boundaries  of  the  picture  forviat,  only  the 
area  lying  within  the  format  shall  be  used 
in  determining  the  weighting  ratio.  The  reso¬ 


lution  obtained  at  any  given  test  angle  is 
multiplied  by  the  ratio  of  the  area  of  the 
zone  for  that  angle  to  the  total  area  of  the 
picture  format  The  AWAR  is  the  sum  of 
these  products.  To  obtain  a  single  value  of 
the  resolution  for  each  test  angle,  the  geo¬ 
metric  mean  of  the  tangential  and  radial 
resolutions  shall  be  used.  However,  the  com¬ 
putations  may  be  simplified  by  the  use  of  an 
arithmetic  mean  whenever  the  tangential 
and  radial  resolutions  differ  by  less  than  a 
factor  of  2  to  1.  When  more  than  one  meas¬ 
urement  is  made  at  any  given  test  angle,  an 
arithmetic  mean  shall  he  determined  for  the 
tangential  and  another  for  the  radial  reso¬ 
lutions.  The  area  weighted  average  resolu¬ 
tion  is  defined  as : 

AWAR  =  —  Jr,  T, 

•  A  ^  (9) 

where  A,  is  the  area  of  a  particular  zone,  R, 
is  the  average  radial  resolving  power  in  tnis 
zone  (or  radial  resolving  power  at  the  mid¬ 
point  of  the  zone) ,  T,  is  the  average  tangen¬ 
tial  resolving  power  in  the  zone  (or  the  tan¬ 
gential  resolving  power  at  the  midpoint 
of  the  zone) ,  and  A  is  the  total  area  of  ;he 
picture  format,  and  2  is  the  summation 
sign,  Bummating  the  values 


over  all  zones  in  the  picture  area. 

8.6,3  Astigmatism  and  curvature  of  field. 
In  general,  a  lens  possesses  two  image  sur. 
faces :  one  in  which  lines  radial  to  the  optical 
axis  are  best  defined  and  the  other  in  which 
lines  tangent  to  circles  concentric  with  the 
axis  are  best  defined.  Nohcoincidoice  of 
these  two  image  surfaces  is  called  astig¬ 
matism,  and  the  separation  of  the  two  image 
surfaces,  measured  parallel  to  the  optical 
axis,  is  called  the  astigmatic  difference.  A 
median  surface  lying  between  the  two  is 
called  the  surface  of  least  confusion  and  the 
definition  in  this  image  surface  is  least 
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affected  by  orientatioii  of  the  object  None  of 
the  surfaces  is  a  true  plane.  The  departure  of 
the  surface  of  least  confusion  froin  a  true 
plane  is  called  curvature  Xff  held.  Sesolvin^ 
poyrer  figures,  specified  in  accordance  ivith 
8.6.2,  -will  usually  be  considered  as  referrinsr 
to  a  JQut  image  and  object  plane.  When  curva- 
ture  of  -field  is  specified,  ^e  magnfficatiQB  at 
which  it  is  to  be  measured  shall  be  stated. 
(Sae  5.45.18.)  Figure  1  is  plotted  as  an 
‘‘^cample  of  the  astignoatic  difference. 


AttSULAIt  DISTANCC  fXSM  AXIS 
Pioun  L  Aatif^fiuiiu  Difemtee 


SJtA  Color  eorreetion.  Color  correction  is 
defijaed  as  Ihs  reduction  of  longitudinal  and 
later^  chiomatic  aberrations.  It  may  be 
specified  in  terms  of  the  kind  of  light  and 
color  awasitivity  of  the  photographic  mate* 
rial  to  be  used  with  the  Ims,  e.g.,  the  lens  is 
color  cmrected  for  use  with  white  lisd^t  and 
panchromatic  film  of  ASA  speed  100.  The 
color  correction  may  be  specified  in  terms  of 
the  Fraunhofer  lines  in  the  solar  spectrum 
that  are  to  be  used  in  the  lens  calculations, 
e.g.,  C  and  F  correction.  The  magnification 
at  which  the  color  correction  is,  accomplished 
shall  be  designated.  (See  5.15.14.) 

8.6.44  Longitudinal  ehromatie  aberration. 
Longitudinal  chromatic  aberration  is  defined 
as  a  variation  in  back  focal  distance  for  light 
oi  different  colors  or  wave  lengths.  It  is 
specified  in  terms  of  this  focal  change  for 
light  of  specified  colors.  (See  5.1.2.14.1.) 
Figure  2  is  plotted  as  an  example  of  longi¬ 
tudinal  chromatic  aberration. 

S.6.4L2  Lataral  ehromatio  aberration.  Late- 


FOCAL  CHAK6E  (nn.) 

Fiourk  2.  IjoniyittAdinal  Ch/romatic  A^yc^rratriov 

ral  difomatic  abmaction  is  a  vazialion  in 
image  scale  of  a  letis  for  ligM  of  differient 
colors  or  wns-e  l^g&a.  fnien  required, 
timite  on  lateral  chromatic  sberratioa  -will 
be  ^leeified  as  the  radial  displacement  in 
sdilimeters  of  the  image  in  -Ae  first  oolor 
from  the  image  of  the  same  point  ^  the 
aecond  color.  (See  5.15.145.)  Figure  3  is 
plotted  as  an  example  of  lateral  chromatic 
aberration. 


WAVE  LeaSTH  OF  LIflMT  (Sri) 
FifiUK*  3.  Latent  Ckromatie  Aberration 


3.6.5  Magnification. 

3.64.1  Paraxial  magnification.  The  paraxi¬ 
al  magnification,  often  referred  to  more 
simply  as  magnification,  determines  tlie  scale 
of  the  image  when  the  object  is  at  a  finite 
distance  from  the  lena.  The  panudal  magni- 
fica  ion,  or  PM,  ia  defined  by  the  following 
equation: 

/ 

PM  =  limit -  (10) 

y 

y  ¥•  0 

where  y  is  the  radial  distance  from  the  opti¬ 
cal  axis  to  the  image  point  in  the  image  plane 
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3.8.1  Material  defects. 

3.8.1.1  B  bbles.  Bubbles  are  air  or  gaseous 
inclusions  entrapped  within  the  glass. 

3.8.1.1.1  Seeds.  Seeds  are  very  small  bub¬ 
bles 

3.8X1  Air  beXts.  Air  bells  are  irregularly 
shaped  bubbles 

3.8.1.2  Cracks.  Cracks  are  shallow  separa¬ 
tions  or  ireaks  in  the  glass. 

3A.1.3  Feathers.  Feathers  are  powdered 
surfaces  folded  into  the  glass  in  the  pressing 
process. 

3.8.1.4  Fold,  or  laps.  Folds,  or  laps,  are 
areas  in  which  the  glass  has  been  folded 
upon  itst  if  but  not  fused. 

3.8.1.r>  MUkiness.  Milkiness  is  caused  by 
cloudy  or  milky  areas  within  the  glass. 

3A.1.6  Stones.  Stones  are  fragments  of 
undissolved  material  in  the  glass. 

3.8.1.7  Strain.  Strain  is  tension  within  the 
glass  caused  by  inadequate  annealing  or  im¬ 
proper  mounting.  It  is  an  area  of  index  of 
refraction  differing  from  the  nominal. 

3.8.1.5  Striae.  Striae  are  streaks  or  veins 
in  the  glass  with  the  index  of  refraction  dif¬ 
fering  from  that  of  the  body  the  glass. 

3.8.1.8.1  Reams.  Reams  are  fine  bands  of 
striae. 

3.8.1A.2  Cords.  Cords  are  streaks  of  very 
heavy  striae. 

3.8.2  Manufacturing  defects. 

3.8X1  Blisters.  Blisters  are  bullies  in  a 
cement  layor. 


S.8JZ.2  Bums.  Bums  are  reddish  stains 
generally  ground  on  the  central  areas  of 
element^  They  are  usually  caused  by  the 
drying-up  or  glazing  of  a  polisher. 

3AX3  Cement  starts.  Cement  starts  are 
spots  where  the  components  of  a  cemented 
lens  have  started  to  separate.  They  cw  be 
small  irregular  spots  between  the  elements 
or  run-ins  at  the  edge,  insufficient  cement,  or 
cement  at  the  edge  dissolved  by  a  .solvent. 

3AX3.1  Run-ins.  Run-ins  are  cement  sepa¬ 
rations  at  the  edge -of  a  cemented  compo¬ 
nent. 

3AX4  Chips.  Chips  are  areas  from  which 
glass  has  bem  broken  away  from  the  sur¬ 
face,  edge,  or  bevel  of  an  optical  element. 

3.8X5  Cracks.  Cracks  are  breaks  in  the 
glass. 

3.8X6  Digs.  Digs  are  breaks  of  the  pol¬ 
ished  surface  of  a  round,  oval,  square,  etc., 
shape  including  pits,  holes,  and  surface 
brokm  bubbles. 

3.8X6J.  Dirt  holes.  Dirt  holes  are  digs 
filled  with  rouge. 

8AJ2.7  Dirt.  Dirt  consists  of  dust,  lint,  or 
other  foreign  matter  on  the  surface  or  en¬ 
trapped  in  a  cement  layer. 

3.8wlA  Grayness.  Grayness  is  represented 
by  finely  ground  areas  indicating  incomplete 
or  improper  polishing. 

3AX9  Mold  marks.  Mold  marks  are  marks 
on  the  surface  produced  by  molding. 

3.8X10  Orange  peel.  Orange  peel  is  poorly 
polished  surface,  pock-marked  with  pits, 
having  much  the  same  surface  appearance 
as  the  skin  of  an  orange. 

3.8X11  Poor  poUeh.  Poor  polish  pertains 
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to  polished  surfaces  containiniT  minute  pits 
of  a  gray  or  red  color.  They  are  ^ray  grind¬ 
ing  pits  in  the  surface  of  the  glass,  or  red 
grinding  pints  in  which  rouge  has  been  so 
deeply  embedded  that  it  has  to  be  removed 
by  further  polishing. 

3,8JL12  SeraMte*.  Scratches  are  furrows 
or  grooves  in  the  surface  of  the  glass  caused 
by  the  removal  of  glass,  usually  made  by 
coarse  grit,  fn^ments  of  glass,  lAarp  tools, 
etc.,  rubbed  over  the  surfac& 


3.8.2.13  Smears,  scum,  vrater  spots,  etc. 
Smears,  scum,  water  spots,  etc.,  are  residue 
of  evaporated  or  unevaporated  moisture. 
They  are  usually  removable  by  “normal” 
cleaning. 

3.8.2.14  Stain.  Stain  is  a  discoloration  of 
the  glass  surface,  usually  brown,  blue,  or 
green,  caused  by  the  deposit  of  foreign  mat¬ 
ter,  or  changes  produced  on  the  surface  of 
the  glass  by  chemical  action  of  some  sub¬ 
stance  with  the  glass. 


4.  GENERAL  REQUIREMENTS 


4.1  MARKINGS. 

4.1.1  Lens  markings.  Lens  markings,  such 
as  maximum  aperture,  focal  length,  fleld  of 
view,  and  serial  number  shall  be  placed  on 
the  front  of  the  lens  ceU  or  on  the  barrel  if 
space  limitations  so  require.  The  lens  name 
and  serial  number  shall  be  assigned  by  the 
manufacturer. 

4.1.2  CeU  marking.  Lenses  supplied  in  cells 
or  constructed  with  removable  cells  ahall 
have  all  cells  permanently  marked  with  at 
least  the  last  three  digits  of  the  lens  serial 
number. 

4.1.3  Maximum  aperture.  All  types  of 
lenses,  except  types  X  and  XI,  shall  be 
marked  with  their  maximum  aperture  stated 
either  as  the  relative  aperture,  aperture  ratio 
or  T-stop. 

4 J.3J  The  symbol  for  relative  aperture  of 
a  lens  shall  be  f/  followed  by  the  numerical 
value,  for.  example  f/2.0.» 

4JJSJ1  The  symbol  for  the  T-stop  of  a  lens 
shaQ  be  T  followed  b^  a  space  and  then  the 
numerical  value,  for  example  T  2.2. 


4.1X.3  f-wwmber.^  The  effective 


of  the  maximum  aperture  of  the  lens  shall 
be  at  least  95  percent  of  the  quotient  ob¬ 
tained  by  dividing  the  marked  focal  length 
by  the  f-number  corresponding  to  the  maxi¬ 
mum  marked  aperture. 

4J.A  Iris  diaphragm  control  marking. 

4.1.4.1  FuU  stojyA-  The  standard  series  of 
diaphragm  markings,  or  stop  openini^,  shall 
be  0.7, 1.0, 1.4,  2.0,  2.8,  4.0,  5.6,  8,  11,  16,  22, 
32,  45,  64,  90,  and  128. 

4.14.2  Maximum  aperturs  value.^^  The  f- 
number  corresponding  to  the  maximum  aper¬ 
ture,  T-number,  or  aperture  ratio  value 
marked  need  not  be  selected  from  above 
series  but  shall  be  followed  by  the  above 
series  of  stop  openings  beginning  with  the 
next  largest  number  whenever  practical  and 
imgreasing  as  far  as  required  In  the  individ¬ 
ual  application;  e.g.,  for  an  f/1.9  lens  the 
diaphragm  might  be  marked  f/1.9,  2.8,  4.0, 
5.6, 8,  etc.,  if  it  was  believed  that  to  mark  it 
f/1.9,  2.0,  2.8,  4.0,  5.6,  etc.,  would  confuse 
the  marking  at  tiie  f/1.9  end  of  the  scale. 

44.4.3  Fraction aX  stop  values.  In  addition 
to  the  numbered  values,  each  stop  ma;  '  be 
divided  into  three  subdivisions  by  dots  or 
marks  (not  numbered),  the  dots  being  at 
“thirds  of  a  stop,”  e.g.,  0.7, 0.8,  0.9, 1.0, 1.12, 
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solving  power  target  used  on  all  tests  shall 
be  as  follows:  The  target  shall  consist  of  a 
senes  of  patterns  decreasing  in  size  as  the 
V2,  ^2,  •(’'2,  with  a  range  sufficient  to  cover 
the  requirements  of  the  lens-film  combination 
under  test.  The  standard  target  element  shall 
consist  of  two  patterns  (two  sets  of  lines) 
at  right  angles  to  each  other.  Each  pattern 
shall  consist  of  three  lines  separated  by 
spaces  of  equal  width.  Each  line  shall  be  five 
times  as  long  as  it  is  wide.  (See  Figure  7.) 
For  types  I  and  II  lenses,  targets  wdth  light 
lines  on  a  dark  background  are  preferred; 
for  types  IV,  VI,  VII,  XII,  XII  lenses,  tar¬ 
gets  with  dark  lines  on  a  light  background 
are  preferred.  The  target  contrast  (the  dif¬ 
ference  in  photographic  density  between  the 
lines  and  spaces)  shall  be  ei^er  high, 
medium,  (  r  low  contrast,  as  specified. 


Figure  7,  Standard  Reaolvinff  Power  Teat  Target 
Element  The  patterns  of  lines  are  parallel  Unee 
X  mWimeters  lonff  and  0.5  x  fnillimetere  wide 
with  spaer  0,5  x  millimriers  wide  between  the  paraU 
lei  lines,  where  z  eqnals  the  numbers  of  lines  per 
millimeter. 

5  J..1.7.1  High  contrast  target.  A  high  con¬ 
trast  target  is  one  in  which  the  density  dif¬ 
ference  between  the  light  and  dark  areas  is 
greater  than  2.00. 

5.1.1.7.2  Medium  contrast  target.  A  medi¬ 
um  contrast  target  is  one  in  which  the  den¬ 
sity  difference  between  toe  light  and  dark 
areas  is  equal  to  0.80  ±:  0.05. 

5.1.1.7.3  Low  contrast  target.  A  low  con¬ 
trast  target  is  one  in  which  the  density  dif- 
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ference  between  toe  light  and  dark  areas  is 
equal  to  0.20  ib  0.06. 

5JLJ2  Test  methods. 

Plane  of  best  definition.  The  plane 
of  best  definition  is  usually  determined  by 
making  a  series  of  evaluations  at  a  sufficient 
number  of  focal  settings.  The  distance  be¬ 
tween  focal  settings  in  hundredths  of  milli¬ 
meters  shall  be  at  least 

f-number  of  lens 
no.  of  lines/mm.  expected 

The  detailed  specification  shall  state  the 
method  used  in  determining  the  plane  of  best 
definition. 

BAJiJZ  Equivalent  food  length. 

5.1dS,2.1  Method  1  —  Photographic  meth¬ 
od.^*  The  EFL  shall  be  measured  by  placing 
a  photographic  plate  in  the  focal  plane  of  the 
image  space.  Unless  otherwise  specified,  the. 
focal  plane  is  defined  as  the  place  of  best 
photographic  imagery  for  an  infinity  distant 
axial  point;  the  focal  plane  may  also  be  spec¬ 
ified  as  toe  plane  of  best  definition.  A  colli¬ 
mator  and  reticle  may  be  conveniently  used 
to  provide  an  infinitely  distant  object  point. 
Exposures  are  made  with  the  beam  of  light 
from  the  collimator  directed  along  toe  opti¬ 
cal  axis  of  the  lens  and  a  series  of  angles 
fiu  fit.  etc.  On  the  resultant  negative,  meas¬ 
urements  shall  be  made  of  the  distances 
Yif  Yu  6tc.,  from  the  axial  images  to  the 
images  corresponding  to  toe  angles  /3„  /3., 

etc,,  and  the  quotient  - ,  - 

tan  /3i  tan 

etc.,  formed.  The  limiting  value  of  this  quo¬ 
tient  as  fit  approaches  zero  is  the  EFL.  In  a 
photographic  objective  free  from  distortion, 
toe  quotient  is  invariant  with  respect  to  the 

MAiMrican  Standard  Itotbodi  for  Dtoignating  and 
inv  Focal  Langtha  aad  Focal  XMctan«  i  of  PhotograpUo  Xemsmt 
ZS8.4.214»4S. 
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value  of  /3.  For  many  photosrra^hic  purposes 
the  distortion  is  nefirligible  for  points  dist  ant 
from  the  center  of  the  useful  Add  not  more 
tiian  onC'Afth  of  its  radius,  and  consequent¬ 
ly,  it  will  very  oftwi  be  possible  to  obtain  a 
satisfactorily  accurate  value  of  the  EFL 
by  a  single  determination  of  /3  and  Y  * 
point  lying:  near  the  axis. 

5.1.2JS.1.1  Method  lA  —  Combination 

ethod.  The  EFL  also  may  be  determined 
by  addin;  the  photographic  BF  to  the  dis¬ 
tance  from  the  rear  vertex  to  the  emergent 
nodal  point.  The  latter  distance  may  be 
determined  Hlethod  2. 

Method  S  —  Nodal  slide  method. 
The  lens  to  be  tested  shall  be  mounted  on  a 
nodal  slide  to  rotate  about  the  vertical  axis 
through  its  second  nodal  point.  The  distance 
.from  this  nodal  point  to  the  position  of  best 
axial  focus  for  an  infinitely  distant  object 
point  shall  be  meaisured.  This  is  also  known 
as  the  second  principal  focus.  (An  important 
factor  or  uncertainty  in  using  this  method 
la  the  difference  between  the  position  of  best 
focus  as  judged  visually  on  the  optical  bench 
and  the  best  focus  as  determined  photograph¬ 
ically  by  method  1.)  When  using  this  meth- 
ed,  the  criterion  for  determining  the  best 
axial  foeua  ahould  be  specified.  The  criterion 
used  is  dependent  on  the  type  of  test  object 
or  target  used  and  may  be  specified  in  terms 
of  either  the  haze  position  or  the  position  of 
greatest  concentration  (see  3.6.9.1.i  and 
3.6.9.1.2)  or  in  terms  of  the  color  in  and 
around  the  image. 

5.1J2.3  Calibrated  focal  length.  When  de¬ 
termining  the  calibrated  focal  length,  the 
plane  of  best  average  definition  shall  be 
chosen  as  the  focal  plane.  To  compute  the 
calibrated  focal  length,  let  Yi,  etc,  repre¬ 
sent  the  diatances  in  the  focal  plane  from 
the  Mini  point  to  Idle  images  of  infinitely 
distant  object  points  lying  in  the  directiona 
making  angles  fit,  etc.,  with  the  optical 
axis  of  the  objective.  If  f  ia  the  equivalmit 


focal  length  in  the  absence  of  distortion,  then 


/,  =  f  tau  /3, 

Yt  —  f  tan  fit 

(13) 

and  ■/□  =  f  tan  fiu 

(14) 

In  the  presence  of  distortion 

Yi  =  1  tan  fii  +  a  '  Yi 
/,  =  f  tan  fit  a  '  Y* 

(15) 

and  ■/»  =  f  tan  fi^  +  A  '  ■/. 

(16) 

The  added  terms  are  the  values  of  the  linear 
distortion  for  values  fit,  fit,  etc.,  respectively. 
The  values  of  Y  measured  directly. 

It  is  evident  that  the  individual  values  of  the 

distortion  defined  by  the  above  group  of 
equations  can  be  changed  by  changing  the 
value  of  f.  If  f  is  the  equivalent  focal  length, 
in  many  instances  values  if  the  distortion  in 
the  neighborhood  of  the  axial  image  point 
will  be  small,  and  near  the  edge  of  the  field 
the  values  will  be  large  and  predominantly 
negative  or  positive.  Infinitely  distant  targets 
may  be  provided  by  a  group  of  collimators 
or  by  one  collimator  which  can  be  succes¬ 
sively  placed  in  the  required  angular  posi¬ 
tions.  Exposures  shall  be  made  and  the  Y 
corresponding  to  each  angular  distance  from 
the  optical  axis  shall  be  determined. 

5.1X4  Back  focal  distaneeM  To  determine 
the  BF,  the  focal  plane  in  the  image  space 
shall  be  determined  by  a  visual  or  photo¬ 
graphic  method.  The  measured  distance  from 
t-hia  focal  plane  to  the  vertex  of  the  back 
surface  of  the  lens  shall  be  the  required  BF. 

5  1-^-5  Flange  focal  distanee.^^  To  deter¬ 
mine  the  FD,  the  focal  plane  in  the  image 
space  shall  1^  determined  by  a  visual  or 
photographic  method.  The  measurement 
shall  be  made  from  the  plane  of  the  locating 
surface  or  the  flange  to  the  focal  ifiane. 

5X2.4  Front  focal  dietanee.^^  To  deter¬ 
mine  the  FF,  the  focal  plane  in  the  object 
space  whftll  be  determined  by  a  visual  or 

»Sm  tUMMt  14..  PM*  U. 
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photographic  met  .od.  The  measured  distance 
from  this  focal  plane  to  the  vertex  of  the 
front  surface  of  the  lens  shall  be  required 
FF. 

3.1J2.7  Front  vertex  back  focal  distance. 
To  determine  the  FVD,  the  focal  plane  in 
the  image  shall  be  determined  by  a  visual  or 
photographic  method.  The  measured  dis¬ 
tance  from  the  vertex  of  the  front  surface 
of  the  lens  to  the  focal  plane  shall  be  the 
required  FVD. 

5.1 .2.8  Aperture  ratio.  For  the  special  case 
in  which  the  object  is  at  infinite  distance 
(magnification  =  0),  N,  the  first  member 
of  the  ratio  equation  (2)  in  3.2.2,  may  be 
determined  as  the  quotient  obtained  when 
the  EFL  is  divided  by  the  diameter  of  the 
effective  apeil^re. 

5.1.2.8  J  For  the  general  case  in  which  the 
magnification  may  have  any  value,  a  pin¬ 
hole  should  be  mounted  at  the  axial  point  of 
the  desired  image  plane,  and  the  angle  of 
the  cone  of  light  emerging  through  the  pin¬ 
hole  from  the  lens  should  be  determined  by 
measuring  the  diameter  of  a  right  section 
of  the  cone  at  a  suitable  distance  beyond  the 
pinhole.  The  angle  a  can  be  calculated  from 
the  measurements  and  substituted  in  equa¬ 
tion  (2).  If  n  is  the  index  of  refraction  of 
the  medium  in  which  the  angle  a  is  me  s- 
ured  (r  =  1  for  air,  used  in  the  great  i.ia- 
jority  of  cases),  the  second  mmnber  of  the 

1 

aperture  ratio  is  . . . . 

2n  sin  o 

When  measuring  the  aperture  ratio  by  the 
method  of  this  paragraph,  the  angular  sub¬ 
tense  of  the  object  point  at  the  first  nodal 
point  of  the  photographic  objective  must  be 
small  as  compared  with  the  value  of  the 
angle  a  between  the  optical  axis  of  the 
objective  and  the  extreme  ray  proceeding  to 
the  image  point. 

5.1 .2.9  Effective  aperture. 


5.1.2.9.1  Method  S  —  Microscope  meth- 
<xi.*«  A  traveling  compound  microscope  is 
required  with  means  for  translating  the 
microscope  in  a  direction  at  right  angles  to 
its  optical  axis  through  a  measured  distance 
not  less  than  the  diameter  of  the  maximum 
effective  aperture  to  be  measured.  The  micro¬ 
scope  must  be  of  low  power  (lOX  to  20X) 
provided  with  a  reticle  and  with  a  working 
distance  sufficiently  long  to  permit  the  micro¬ 
scope  to  be  focused  on  the  limiting  opening 
of  the  photographic  objective  through  the 
front  member.  The  photographic  objective,  of 
which  the  effective  aperture  is  to  be  meas¬ 
ured,  shall  be  mounted  in  a  convenient  posi¬ 
tion  to  permit  the  traveling  microscope  to 
be  directed  parallel  to  the  optical  axis  of  the 
objective  and  focused  upon  the  edge  of  the 
opening  having  the  smallest  apparent  diam¬ 
eter.  (The  photographic  objective  is  not 
to  be  disassembled.)  This  edge  shall  be 
viewed  through  the  lens  elements  which  are 
normally  traversed  by  image-forming  light 
before  passing  through  the  limiting  open¬ 
ing.  A  microscope  having  a  long  working 

.  distance  is  required  to  avoid  mechanical 
interference  when  looking  through  the  lens 
elements.  A  noicroscope  shall  then  be  trav¬ 
ersed  and  measurements  made  to  determine 
the  apparent  diameter  of  this  opening  which 
shall  be  the  effective  aperture.  In  place  of  a 
traveling  microscope,  a  suitable  contour  pro¬ 
jector  may  be  employed  to  measure  the  effec¬ 
tive  aperture.  If  the  lens  has  a  non-circular 
aperture,  the  measured  diameter  must  'be 
suitably  corrected. 

5.1.2.9.2  Method  4  —  Point  source  meth- 
od.17  When  it  is  not  practicable  to  use  a 
microscope  of  sufficient  working  distance  to 
permit  the  limiting  opening  to  be  observed 
through  the  lens  elements,  a  source  of  light, 
as  small  as  practicable  and  emitting  a  cone 
sufficiently  large  to  fill  the  lens,  may  be 

^  Am«ric»n  StAtidmrd  Methods  of  Doilviuitinc  and  Moaaofins 
AportuTM  and  iRotatod  Quantttlao  Fartalninc  to  Photognpbla 
Lontaa.  Za8.4.2<^1948. 
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placed  at  the  second  principal  focus  and 
directed  toward  the  objective;  the  diameter 
of  tile  emergent  beam  should  be  measured 
as  near  the  frcmt  of  the  objective  as  is  prac¬ 
ticable.  This  method  is  subject  to  a  sjnstem- 
atic  error,  the  value  of  the  finite  size  of  the 
source. 

5.14L10  T-mtmber  and  tramamittanee.  The 
equipment  specified  in  methods  5  and  6  for 
detcnnining  T-stops  and  transmittuice  of  a 
lens  r^resents  workable  apparatus.  How¬ 
ever,  modifications  are  permitted  provided 
that  the  basic  requirements  of  the  method 
and  the  specified,  accuracy  are  met.  (See 
S4L6  and  4.I.4.4.) 

Method  3  —  Extended  source 
methodA*  This  method  of  lens  caUbcation  is 
based  on  filling  the  lens  with  lisdtt  from  ah 
extended  uniform  source  of  adequate  size  and 
placing  in  the  plane  of  best  definition  of  the 
lens  a  metal  plate  with  a  hole,  the  diameter 
of  whidi  shall  not  exceed  3  millimeters  (or 
1.5  millimeters  for  SHnillimetor  film),  at  its 
center.  The  Ugdrt  fiux  passing  through  the 
hole  shall  be  measured  by  a  jdiotocell 
arransmnent.  This  flux  tiian  be  com¬ 
pared  with  the  flux  passing  through  a  hole  of 
the  same  dimenaions  from  an  open  -circular 
aperture  of  8u<±  a  size  and  at  sudi  a  dis- 
trace  jtoun  the  plate  tiiat  it  subtends  the 
desired  an^  a  so  that  sin  a  T,  where 
T  is  the  T-number  to  be  measured.  The 
greatest  care  is  necessary  to  iasime  that 
the  extended  source  is  uniform.  In  practice, 
the  photocell  reading  for  each  whole  T- 
number  is  first  determined  for  a  series  of 
open  apertures  at  a  fixed  distance  from  the 
plate.  The  lens  is  then  substituted  for  the 
open  aperture  with  the  S-millimeter  hole 
accurately  in  its  focal  plane  and  the  iris 
of  the  lens  closed  down  until  the  photo¬ 
cell  meter  reading  produced  by  the  lens  is 
equal  to  each  of  the  successive  open  hole 
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readintrs.  The  full  T-stop  positions  are  then 
markjil  on  the  diaphragm  ring  of  the  lens. 
The  intermediate  thirds  of  stops  may  be 
found  with  sufficient  accuracy  by  inserting 
a  neutral  density  filter  of  0.1  ind  0.2  behind 
each  open  aperture  in  turn  and  noting  the 
corresponding  idiotocell  readings  or  by  di¬ 
viding  the  travel  of  the  diaphragm  control 
into  three  equal  parts.  The  extended  source 
should  be  uniforndy  bright  over  its  useful 
area  to  within  ;t:S  percent.  (This  could  be 
tested  with  a  suit^le  telephotometer,  or  a 
sjoiaU  hole  in  an  opaque  screen  could  be 
moved  around  in  front  of  the  source  and 
any  consequent  variations  is  jdiotocell  read¬ 
ing  noted.)  The  source  may  be  a  sheet  of 
ground  ^Lass  covering  a  hole  in  a  whitelined 
box.containing  several  lamps  mounted  around 
the  hole  and  shielded  so  that  no  direct  light 
from  the  lamps  falls  on  the  ground  glass 
itself.  The  photocell  receiver  may  be  of  the 
idiototube  t}rpe  with  a  simple  d-c  amplifier. 
Care  must  takw  to  insure  that  photo¬ 
tube  sensitivity  does  not  change  between 
marking  readings  on  the  open  aperture  and 
on  the  lens  itself.  To  guard  against  this,  some 
turret  arrangement  is  desirable,  with  the 
lens  on  one  side  and  the  open  aperture  on  the 
other,  so  that  the  two  may  be  interchanged 
and  compared  quickly  with  each  other  by 
turning  the  turret.  Transmittance  of  a  lens 
shall  be  measured  at  the  maximum  relative 
aperture  in  a  direction  parallel  to  the  optical 
axis  of  the  lens.  Transmittance  is  equal  to 
C/R  where  C  is  the  calibrated  photocell  read¬ 
ing  with  the  lens  in  place,  and  R  is  a  similar 
reading  when  a  clear  circular  aperture  is  in 
place,  subtending  an  angle  a  at  the  hole  in 
the  front  of  the  photocell  so  that  sin  a  = 
^N,  where  N  is  the  second  term  in  the  aper¬ 
ture  ratio  of  the  lens  to  be  tested.  (See 
312.2.)  The  value  of  N  must  be  the  true  value, 
which  may  differ  from  that  indicated  on  the 
barreL 

5.US.10.2  Method  6  —  OolUmator  meth~ 
odA^  In  this  method,  light  from  a  small 
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source  (a  5-mi.iimeter  hole  covered  with 
opal  g-lass  and  strongly  illuminated  from  be* 
hind)  shall  be  collimated  by  a  simple  lens, 
or  an  adiromat  if  preferred,  of  a  foc^  length 
at  least  three  times  the  EFL  of  the  lens  be» 
ing  tested  and  of  sufficient  aperture  to  liD  the 
lens  being  calibrated.  This  gives  a  colli¬ 
mated  beam  which  will  be  focused  by  the 
test  lens  to  form  a  small  circle  of  light  in  its 
focal  plane.  This  circle  of  light  will  be  less 
than  the  prescribed  limit  of  8  millimeters 
diameter.  Uniformity  of  the  collimated  beam 
can  be  checked  by  moving  a  small  hole  in 
an  opaque  screen  across  the  beam,  and  not¬ 
ing  any  variations  in  the  photocell  reading. 
For  the  comparison  unit,  an  open  aperture 
shall  be  used,  of  diameter  equal  to  the  focal , 
length  of  the  lens  divided  by  the  desired  T- 
number.  This  aperture  shall  first  be  mounted 
in  front  of  an  integrating  sphere  of  ade¬ 
quate  size  with  the  usual  photocell  detrotor 
and  the  light  from  the  collimator  allowed 
to  enter  the  aperture.  The  aperture  plate 
shall  then  be  replaced  by  the  lens,  the  iris 
diaphragm  closed  down  to  give  the  same 
photocell  reading,  and  the  T-number  en¬ 
graved  on  the  iris  ring.  The  intermediate 
thirds  of  stops. can  be  found  by  using  0.1  or 
0J2  density  filters,  or  by  dividing  the  travel 
of  tiie  diaphragm  control  into  three  equal 
parts.  To  guard  against  "drift”  or  line-volt- 
age  variations  which  might  occur  between 
readings  of  the  comparison  aperture  and  the 
lens,  it  is  convenient  to  leave  tiie  known 
standard  aperture  in  place  in  front  of  the 
sphere,  and  to  insert  the  lens  into  the  beam 
in  such  a  position  that  the  small  image  of 
the  source  falls  wholly  within  the  standard 
aperture.  The  meter  reading  should  then  re¬ 
main  the  same  with  the  lens  in  or  out  of  the 
beam.  A  second  plate  with  a  3-millimeter 
aperture  should  be  placed  over  the  compari¬ 
son  aperture  while  the  lens  is  in  place  to 
stop  any  stray  light  which  may  be  reflected 
from  the  interior  of  the  lens.  It  should  be 
noted  particularly  that  if  this  method  is 
used,  the  focal  length  of  the  lens  must  be 


measured  separately  and  a  suitable  set  of 
open  apertures  constructed'  for  use  with  it. 
However,  by  suitable  devices,  one  single  set 
of  fixed  apertures  may  be  used  for  all  lenses. 
Transmittanoe  of  a  lens  diall  be  measured  at 
the  maximum  relative  aperture  in  a  direc¬ 
tion  parallel  to  the  optical  axis  of  the  lens. 
Tranmnittanee  is  equal  to  C/R  where  C  is 
the  calibrated  photocell  reading  with  the 
lens  in  place,  and  B  is  a  similar  reading 
when  a  clear  diaphragm  (equal  to  the  lens 
effective  aperture)  is  in  place. 

5JL2.11  Relative  iUuininatum, 

S.1.2.1U  Method  7  —  Extended  source 
method.  This  method  of  measuring  relative 
illumination  makes  use  of  the  same  appara¬ 
tus  and  techniques  specified  in  method  5. 
Wltit  the  lens  to  be  measured  set  up  in  the 
apparatus,  the  photoceD  shall  be  displaced 
laterally  to  the  position  corresponding  to  the 
required  angular  positions,  and  the  corres¬ 
ponding  percentage  of  axial  illuminance  for 
eadi  position  is  found  from  a  calibration 
curve  of  the  photocdD  meter. 

5J..2.11.2  Method  8  — •  CotUmator  method. 
This  method  of  measuring  relative  illumma- 
tion  makes  use  of  the  same  apparatus  and 
techniques  specified  in  method  6.  With  the 
lens  to  be  measured  set  up  in  the  apparatus, 
the  lens  shall  be  rotated  through  the  desired 
field  angles  ^  and  the  photocell  readings 
compared  with  the  readings  for  the  lens  on 
axis.  The  percentage  o(  light  flux  trans¬ 
mitted  can  then  be  read  off  a  calibration 
curve  for  the  photocell  system  and  converted 
to  desired  percentage  illuminance  by  dividing 
by  cos* 

5.1.2J1.S  Method  9 — Deneitometrie  meth¬ 
od,  This  method  of  measuring  relative  illu¬ 
mination  makes  use  of  the  same  apparatus 
and  techniques  as  specified  in  methods  5  and 
6,  except  that  a  photographic  plate  is  substi¬ 
tuted  for  the  photocell  when  the  extended 
source  is  used,  and  for  che  integrating  sphere 
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when  a  collimator  is  used.  In  the  latter  case, 
the  image  produced  by  the  lens  should  be 
in  shaip  focus  on  the  emulsion  plane.  The 
exposures  are  made  on  the  axis  and  at  the 
reouiied  angular  iwsitions  off  axis.  The  ex- 
pr  ore  times  shall  be  the  same  at  all  the 
pt  dtioBS.  The  densities  of  the  exposed  and 
de  ’eloped  images  shall  be  measured  and  the 
relative  illuminance  determined  using  the 
senaitometric  curve  of  the  emulsion,  obtained 
jy  exposing  a  calibrated  step-wedge. 

5.2X11.4  Method  10  —  Indirect  eomputa- 
turn  method.  The  indirect  computation  <>f 
illumumnce  distribution  from  dimensions  of 
the  1»™»  are  outlined  in  this  section.  The 
method  in  this  case  is  for  a  lens  while  in  the 
dfmjgw  stages,  or  in  detemdning  the  illumi- 
nance  distribution  of  an  actual  lens  when  no 
convenient  idiotometric  equipment  is  avail- 
eble. 

5JJ8J1.4J  Dietortumleos  lens  with  object 
at  infinity.  The  case  where  the  object  is  at 
infinity  is  applicable  to  most  photographic 
objectivee  encountered  in  aerial  and  ground 
photography.  The  field  angle  of  such  a  lens 
is  always  expressed  by  the  obliquity  angle 
4,  in  the  object  space.  The  desired  relative 
illumination  is  given  by: 


where  B  is  the  illuminance  at  the  point  in 
the  image  which  corresponds  to  the  obliquity 
awglw  ^  in  the~0bject  space,  and  Eo  is  the 
illuminance  at  the  center  of  the  field.  S<^  and 
So  are,  respectively,  the  beam  section  areas 
of  fhe  oblique  and  axial  beams  at  the  chosen 
reference  plane  in  the  object  space.  The  area 
will  in  gmenl  be  smaller  than  S«  due  to 
vignetting,  but  in  some  unusual  lenses,  S9 
may  be  somewhat  greater  than  So* 

5.1X11.4J1  Distortionless  lens  with  finite 
object  distance.  The  relative  illumination  R 
yaw  be  computed  either  in  the  object  space 

SopmmAm  Psc*  M  of  Ut  May  1M» 


or  in  the  image  space  depending  on  whi^’h 
is  more  convenient  The  illuminance  at  anple 
^  is  given  by  the  integr^': 

=  K/coB^<^dS  =  K'Scos*tl>  dS'  (18) 

where  K  and  K'  are  constants  indepenoent 
of  obliquity.  The  integrals  are  to  be  taken 
over  the  respective  beam  sections.  The  in- 
tegr-ils  are  necessary  because  and  <^'  vary 
from  point  to  point  over  the  beam  secti  ons. 
If  the  aperture  is  small,  the  integral  becomes 
unneceesary  and  then: 

=s  KS.^  cos<9  =  coa*it,'  » 19) 

The  relative  illumination  is  thmi  found  by 
evaluating  and  Eo  for  an  oUique  nd 
■irinl  beam  and  taking  the  ratio  R  =  E</>  :<o. 

5J.JZ.11A.3  Distorting  lens  with  object  at 
infinity.  This  differs  from  the  previous  cay 
n—  the  distortion  will  have  a  consider¬ 
able  effect  on  the  distribution  of  murninanee 
expressed  as  a  function  of  the  entering  obli¬ 
quity  angle  9*  1®  this  case  the  relative  illu¬ 
mination  becomes : 

E9  S9  f!!  sin  9  coa  9 


E,  S*  h'  (dh') 

'  (d9) 

(20) 

S9  and  So  are  the  areas  of  tht  beam  sections 
for  the  oblique  and  axial  beams  at  the  chosen 
reference  plane  in  the  object  space;  9  1®  D** 
obliquity  angle  in  the  object  space,  f  Is  the 
focal  length  of  the  lena  and  h'  is  the  image 
height  By  measurements  or  computations 
on  the  lena,  a  relation  can  be  established 
cu.inecting  h'  with  9.  from  which  the  value 
of  the  derivative  dh'/ d9  can  be  found  at  any 
desired  point  in  the  field.  For  a  distortion¬ 
less  lens,  h'  =  f  tan  9;  in  that  special  case 
equation,  (20)  simplifies  to  equa  ion  (17). 

5.1X11.4.4  Distorting  lens  with  finite  ob¬ 
ject  distance.  The  image  apace  equations  (18) 
or  (19)  hold  independent  of  the  distortion  of 
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the  lens.  If  it  is  det-red  to  use  the  data  of 
the  object  space,  equation  (18)  becomes  t 

h 

=  K  — - -  f*co8*  4>  dS 

h'  (dh')  t  (2’) 

(dh) 

where  K  is  a  constant  different  from  that 
used  in  equation  (18) ,  h  is  the  object  height, 
and  h'  the  height  of  ti  e  image  of  that  object. 
The  derivative  dh'/dh  must  be  found  by 
determining  an  algebraic  relationship  be¬ 
tween  h  and  h'.  If  the  aperture  is  sufficient¬ 
ly  small,  ^  will  not  vary  greatly  over  the 
beam  section  and  the  equation  may  be  re¬ 
duced  to  the  approximate  form. 

h 

*  K - - 

h'  (dhO 

(dh)  (22) 

5.1.2.11.4.5  Monocewtric  lens.  In  the  case 
of  a  lens  having  a  common  centw  of  curva¬ 
ture  to  all  the  surfaces  and  a  concentric 
image  surface,  the  relative  illumination  con¬ 
tains  only  one  cosine,  namely: 

R  - - - - cos^  (23) 

Eo  So 

3.1.2.12  Resolving  power.  When  specifying 
or  measuring  resolving  power,  care  should 
be  taken  to  consider  the  following  pertinent 
factors:  methods  of  tests,  contrast  of  tar¬ 
get  used,  kind  of  and  processing  of  photo¬ 
sensitive  emulsion,  whether  Alter  is  to  be 
used,  and  magniAcation  at  which  resolving 
power  target  images  are  read.  For  reading 
resolution,  a  magniAcation  of  the  lowest 
power  which  permits  convenient  viewing  will 
yield  the  highest  resolution  readings.  (The 
rule  based  on  Selwyn’s  experiments  20  that 

» B.  W.  S«lwTii.  Kational  Bniwu  of  SUiwiawto  OBtt, 
ltS4  and  Photocrmphle  Jounud  88B,  41, 


the  numerical  value  of  the  magnification 
should  equal  the  number  of  lines  per  milli¬ 
meter  expected  to  be  resolved  can  be  con¬ 
sidered  a  rule  of  thumb.) 

5.1.2.12.1  Photographic  resolving  power. 
When  conducting  photographic  resolving 
power  tests  by  tiethods  11  and  12,  the  photo-  • 
sensitive  material  and  processing  should  be 
in  accordance  v  ith  table  II. 

5.1.2.12.1.1  M  thod  11  —  Collimator  meth- 
od.si  For  lense?  primarily  intended  for  use 
on  distant  obje  ts,  such  as  types  I,  II.  HI, 
and  V,  this  me  hod  should  lie  used.  The  re¬ 
solving  power  :  irget  is  placed  at  the  princi¬ 
pal  focus  of  a  collimator  and  illuminated 
with  white  light.  A  Alter  of  a  speciAed  color 
may  be  used  and  it  shall  be  placed  between 
the  light  source  and  the  target.  It  is  recom¬ 
mended  that,  in  order  to  eliminate  vibration 
effects,  a  Aash  discharge  lamp  be  used  as  the 
light  source  and  that  the  light  from  it  be 
Altered  if  necessary  to  approximate  white 
light.  (^  5.1.1.4-)  Exposure  can  be  con¬ 
trolled  by  means  of  neutral  density  Alters 
between  the  light  source  and  the  target.  The 
lens  to  be  tested  diall  be  placed  in  the  colli¬ 
mated  beam  from  the  target  and  a  test  plate 
or  Ai™  made  in  a  series  of  focal  settings  as 
described  in  5.I.2.I.  Unless  otherwise  speci¬ 
Aed,  the  lens  shall  be  set  at  the  speciAed 
maximum  relative  aperture.  With  the  test 
plate  perpendicular  to  the  optical  axis  of  the 
lens,  exposure  shall  be  made  of  the  test  tar¬ 
get  at  the  si>enAed  angular  distance  from 
the  a-ris  out  to  and  including  the  multiple 
of  the  speciAed  angle  falling  nearest  the 
corner  of  the  plate  inside  the  picture  format. 
The  speciAed  angle  should  be  multiples  of 
Hi  degrees  and  should  be  spaced  to  provide 
5  increments  or  more  in  the  semi-Aeld  of  the 
lens.  The  exposure  time  shall  be  the  same 
for  all  angular  settings  and  shall  be  the 

» In  BBMthod  11.  if  thm  nMoltinv  porar  U  tniwi^  bf  nw 
tioninff  from  th»  Uw  p«r  mUlimater  of  tho  torsoC  IFL  «f  tfao 
oolUmator.  ond  SF1>  of  th*  toot  Ion*,  tho  'vshio  ibmld  b»  oar* 
noted  by  nuttiplylnr  xadUl  lino*  by  tbo  oooIm  of  tfao  HM  oaglo 
mad  tensontiid  Unw  by  tho  coo^  of  tbo  flold  oado. 
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shlTing;  power  ah  the  anguliu^  setting  naarast 
the  angle  equal-  to  one-half  the  half  angle 
of  view.  The  diflhzmit  angular  aettinga^ma? 
be  obtidned'  by  movingi'the  lens'and  test  plate 
about  an  axis  near  the  entrance  pupil  or  by 
moving  tiie  collimators^  or  1^  means  of  a 
8«ries  of  collimaitors<  pliaced^  In;  the  correct 
angular  positions.  The  hum  may  be^  tested 
with  dr  without  the  tninr  peovidad  with  it; 
as  inquired. 

MetHod^  It  —  Torpef  range 
nuthsi.  For  lenses  primari^  intended  for 
use  at  finite  distances;  sodi  aa  types  W,  Xn. 
and  XllX  this  method  ahonld  be  uaedL  Also, 
it  may  be  used  when  specified  testing 
otiier  ^rpes  of  lenaen  Properly  iOuminated 
high  contrast  reaoiviiig  power  targets  duUl 
be  placed  in  the' object  space  in  a  plane  per^ 
pendieular  to  the  optical  axb  of  the  lena  to 
be  tested  and  imaced  at  the  required  angular 
distancea.  The  distance  from  the  lens  to  the 
plane  of  the  targets  shall  be  designated. 
When  thia  method  is  used  for  testing  lenses 
at  infinity  focna,  eltiier  formuia  (12)  in 
5.1.1.2  may  bd  naed  to  determine  the  proper 
distance,  or  some  designated  distanee  may 
be  used  The  test  plate  shall  be  adjusted  per> 


pendieular  to  the  optical -mds  of  the  lens,  mid' 
exposed  for  maximum  resolution  at.  the  tar¬ 
get  nearest  the  angle  equal  to;  one-half  the 
half  angle  of  view  of  ths;  lens  being  tested 
and  shall  be  moved  in  a  aeries  of  focal  set¬ 
tings  as  described  in  5«1.2;L.  The  smisitiaed 
material,  proeesmni^  etc.,  shall  be  in  accord¬ 
ance  with  table  H. 

SJtJZJStZ  KethoA  IS  —  Ftseol  retoMng 
power:.  When  viiniaL  resolving  power  meas- 
nrementsi  are  required  (such  as  type  X 
lensesjv  they  will  be  made  exactly  lUm  the 
photographic:  resolving  power  testsv  ffiueept 
that  the  aerial  image,  when  it  is  real  and 
easily  available,  will  be  obsoTved  visually 
under  inagnification.  Method  11  ox  12:  in- 
will  be  used  as  specified  depend¬ 
ing  on  the  use  of  the  lenn.  When  ihn  image 
formed  by  a  viewfinder-  (type  Z  lens)  is  a 
virtnal  ^age^  a  telescope  stopped  dewn  to 
&  mUBmeters-and  placed  at  the  eye  position 
win  be  used  to  obaerve  the  image  In  this 
case,  the  resolatian  shall  be  detemdned  in 
terms  of  a  specified  test  chart  at  a 
fied  distance.  In  all  cases  where  the  image 
is  formed  on  a  ground  glass,  the  ground  idsaa 
shall  be  rei  .ioved  to  observe  the  aerial  image, 
and  the  image  shall  be  observed  on  a  plane. 
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addition  of  this  str^  enables  one  to  measore 
prism  angle  When  measuring  distortion  at 
finite  distances  the  plane  of  file  targets  most 
be  parallel  to  the  test  plate.  Mathematical 
means  for  adjusting  the  measuiements  may 
be  used  to  eliminate  error  from  this  source. 
If  the  distortion  is  to  be  measured  for  an 
object  at  a  finite  distance,  the  targets  shall 
be  set  up  at  the  required  distance  as  sped* 
fied.  The  test  procedure  is  the  same  as  for 
the  object  at  infinity,  except  that  the  distor¬ 
tion  is  determined  on  the  basis  of  paraxial 
or  calibrated  magnification. 

5JJ2J.6.2  Method  26  —  Collimator  bank 
method.  This  method  is  intended  for  use  with 
lenses  mounted  either  in  cameras  or  in  test 
barrels.  Method  26  is  similar  to  method  25, 
except  that  a  bank  of  collimators  containing 
targets  shall  be  used  instead  of  a  target 
range. 

5 J..2J16.3  Method  27  —  Single  eeliimator 
photographic  method.  In  some  cases  where 
hisd)  predsion  Is  not  required,  a  single  col¬ 
limator  may  be  used  bi  exjunction  with  a 
test  plate  as  in  method  26.  In  this  method, 
either  the  collimator  or  the  lens  and  the  test 
plate  Shan  be  rotated  through  the  required 
field  angles  about  Ihe  center  of  the  entrance 
pupil  of  the  lens. 

5a.2.16.4  Method  28  —  Nodal  elide  meth¬ 
od.  This  is  a  visual  test  method  and  may  be 
used,  when  specified,  for  lenses  mounted  in 
barrels.  The  lens  to  be  tested  shall  be  prop¬ 
erly  placed  on  tiie  nodal  slide  of  an  optical 
test  bench  and  oxtered  so  that  its  optical 
axis  is  nearly  ooinddent  with  the  axis  of  the 
microscope.  Distortion  for  a  particular  angle 
shall  be  measured  by  the  lateral  displacemxt 
of  the  observing  microscope  required  to  cen¬ 
ter  the  target  at  each  angular  setting.  At 
each  angle  fi,  the  microscope  shall  be  dis¬ 
placed  along  its  horizontal  axis  by  the  dis¬ 
tance  f  (1-cos  /3)/coe  j3  away  from  the  lens. 
This  refocusing  is  not  necessary  if  a  flat  field 
bar  is  used.  To  obtain  the  value  of  distortion, 


the  latxal  distance  through  which  the  micro¬ 
scope  shall  be  displaced  must  be  divided  by 
the  cosine  of  the  angle  at  which  the  distortion 
is  being  measured.  Because  of  inaccuracies 
present  in  most  optical  benches,  it  is  desir¬ 
able  to  make  eadi  measurement  at  the  same 
indicated  angle  on  each  side  of  the  axis  and 
to  average  the  two  microscope  readings  ob¬ 
tained  before  computing  distortion. 

5.1.2.16  A  Method  29  — ^  Goniometer  meth¬ 
od.  This  is  a  visual  method  intended  for  use 
with  lenses  mounted  in  cameras.  An  accu¬ 
rately  calibrated  test  object  on  glass,  usual¬ 
ly  in  the  form  of  a  scide  or  grid,  shall  be 
placed  in  the  plane  of  best  definition  of  the 
Ixs  to  be  tesl^  and  illuminated  in  a  direc¬ 
tion  toward  the  lens  to  be  tested.  This  test 
object  must  be  flat,  properly  centnred,  and 
perpendicular  to  the  optica!  axis.  The  lens 
and  illominsted  test  object  shall  be  placed  in 
the  goniometer  so  that  the  axis  about  which 
the  angles  are  measured  passes  through  the 
center  of  the  xtrance  pupil  of  the  lens.  The 
telescope  of  the  goniometer  shall  be  pointed 
at  successive  points  on  the  test  object  and 
the  field  xgles  determined.  (The  telescope 
ehall  not  be  refocused  during  tine  run  of 
measnremxts.)  From  tine  focal  Ixgth  of 
the  lens  being  tested  xd  the  calibration  of 
the  test  object,  the  anglw  snbtxded  by  the 
various  points  on  the  test  object  can  be 
computed.  Distortion  thx  can  he  computed 
in  terms  of  the  dififerxee  in  xgles  on  the 
object  side  xd  image  side;  this  distortion 
in  turn  cx  be  xnverted  into  the  stxdard 
form.  (See  S.1J2.8.)  By  adjusting  the  focus 
of  the  tdescope,  tins  method  cx  be  ex- 
pxded  to  include  some  casx  in  which  the 
test  object,  is  in  a  pixe  corresponding  to 
some  ^te  magniflxtion.  Care  should  be 
exercised  to  insure  that  the  xne  of  light 
tram  the  test  lens  is  included  in  the  xtrxce 
pupil  of  the  telescope. 

6.1.2J.6.6  Method  SO  ~  Projection  meth¬ 
od.  This  method  is  intxded  primarily  for 
testing  projection  lenses.  A  test  object  simi- 
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Ur  to  the  oAe  usi  d  is  method  29  shall  be 
jdaoed  is  the  object  plane  of  the  lens  to  be 
tested  jMTojected  onto  a  suitable  scroen. 
Measurements  shall  be  made  of  the  projected 
imaye  of  the  teat  object.  The  distortion  shall 
be  computed  in.  terms  of  the  tesT  object.  Care 
should  be  taken  to  losure  that  tl  e  screen  ud 
test  object  are  perpendicular  t<»  the  optical 
axis  of  the  lens  and  that  the  t-.'st  object  is 
flat  and  properly  centered.  The  cone  of  light 
'•'rom  the  projection  lamp  shall  oomidetely 
.11  the  projection  lens,  and  tte  test  object 
shall  be  uniformly  illuminated  The  sign  of 
distortion  is  reversed  from  theory  on  pro¬ 
jection  throujdi  a  lens  and  measured  a  the 
long  conjugate. 

5JIX16.7  Tangential  distortion.  Any  of  the 
gjjj  methods  lor  measuring  radial  distortion 
may  be  modified  to  measure  tangential  dis¬ 
tortion  by  considering  the  displacement  of 
image  points  perpendicular  to  a  radius  from 
the  center  of  the  field.  The  magnitude  of 
tangential  distortion  varies  from  zero  along 
one  diameter  to  a  maximum  along  an  orien¬ 
tation  90  degrees  to  the  diameter  of  zero 
distortion.  Therefore,  when  required,  tan¬ 
gential  distortion  fehall  be  measured  for  two 
nvifti  orientations  cf  the  lens,  and  the  orien¬ 
tation  f  or  maximum  tangential  distortion 
computed. 

6.1J1.17  Prism  effect.  To  measure  the 
prism  effect  in  terms  of  a  thin  equivalent 
prism  of  vertex  angle  a,  use  is  made  of  the 
fact  that  oblique  rays  are  deviated  by  the 
prism  more  than,  and  in  the  ssune  direction 
as,  the  *xiel  ray.  An  assumption  is  made 
that  the  aTial  ray  makes  only  a  small  angle 
with  the  normal  to  the  surface  of  the  prism 
(or  tile  prism  may  be  assumed  to  be  in  the 
minimum  deviation  for  the  axial  ray) .  If  the 
camera  under  test  ia  used  to  idiotograph 
three  collimators  or  distant  targets,  one 
axial  and  the  other  two  making  angles 
and  — /3  with  the  axis,  the  distances  from 
the  O  degree  image  to  the  image  and 
from  the  0  degree  image  to  the  — ^  image 


are  different  in  the  presence  of  a  prism 
effect  This  differaice  is  measured  on  the 
negative.  Under  the  assumptions  made,  the 
analytical  expression  for  this  difference  is: 

A  =  f[tan  (/5  +  c)  —  tan  (/3  —  «) 
—  2  tan  «•] 

(26) 

where  f  ia  the  equivalent  focal  length  of  the 
lens,  t  is  the  deviation  of  the  ray  making 

with  the  axis  (within  a  close  approxima¬ 
tion  the  deviation  is  the  same  for  +j8  and 
— P),  and  €e  =  a/2  is  the  deviation  of  the 
axial  ray.  Tables  for  A  can  be  computed  for 
various  values  of  f,  P,  and  a.  The  measured 
and  tabulated  values  of  A  are  compared,  and 
the  corresponding  a  is  evaluated. 

5AJL18  Spherical  aberration. 

5.1.2.18.1  Method  SI  —  Annual  ring  or 
Hartmann  disk  method.  When  spherical 
aberration  is  specified  in  terms  of  change  in 
focal  position  for  zones  of  different  radii,  a 
Hartmann  disk  (a  plate  covering  a  front  of 
the  lens  lAuth  holes  at  the  different  zones) 
or  aperture  cc  isistiiig  of  open  annular  ririgs 
will  be  placed  over  t  he  front  of  the  lens  and 
properly  centered.  Either  a  photographic  or 
visual  method  of  determining  the  difference 
in  focal  positions  for  different  zones  may  be 
used.  Various  modifications  of  these  meth¬ 
ods  and  other  methods  may  be  employed, 
such  as  a  knife-edge  test  or  interferometric 
method.  Wlien  measuring  spherical  aberra¬ 
tion  for  an  object  at  infinity,  the  target 
which  is  imaged  by  the  test  lens  may  be 
placed  in  a  collimator  or  a  distance  at  least 
25  times  the  focal  length  of  the  lens  to 
tested. 

5.1.2JL8J2  Method  SS  —  Stopped-aiperture 
method.  When  spherical  aberration  is  speci¬ 
fied  in  terms  of  the  differeiure  between  the 
best  focus  at  maximum  aperture  and  at  a 
designated  reduced  aperture,  a  nodal  slide 
optical  boich  or  an  autocollimation  method 
may  be  used  to  determine  the  difference  in 
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